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INTRODUCTION 


The object of these experiments was to determine whether or not 
boron when applied to horse manure in quantities sufficient to act as a 
fly larvicide would have a cumulative action detrimental to wheat 
(Triticum spp.) grown on soil fertilized with this manure for three con- 
secutive years. 

EXPERIMENTAL WORK 


Four plots of one-twentieth of an acre each on the farm of the Bureau 
of Plant Industry at Arlington, Virginia, were used for the experiments. 
One plot was used as a manured control and a second as an unmanured 
control. The third plot received manure plus borax, and the fourth 


manure plus colemanite. The manure was applied to all plots at the rate 
of 20 tons per acre, and the same variety of winter wheat was planted each 
year on all the plots. Borax was mixed with the manure the first year, 
(1913), at the rate of 0.33 pound per bushel. The last two years (1914 
and 1915) the borax was mixed with the manure at the rate of 0.08 pound 
per bushel, and the colemanite was mixed with a second pile of manure 
at the rate of 0.095 pound per bushel. 

It was calculated that when borax was mixed with manure at the rate 
of 0.08 pound per bushel and the manure applied at the rate of 20 tons 
per acre an equivalent of 0.0022 per cent boric acid (H,;BO,) was present 
in the upper 6 inches of the soil. In the same way it was calculated for 
the colemanite plot that an equivalent of 0.0029 per cent of boric acid 
was present in the upper 6 inches of soil. The amount of borax added 
the first year, 0.33 pound per bushel, furnished 0.0088 per cent of boric 
acid to the upper 6 inches of soil. 

The above figures show that the boron was applied as follows: The 
borax plot received boron the first year at the rate of 154 pounds of boric 
acid per acre and the second and third years at the rate of 38.5 pounds 
per acre. The colemanite plots received boron at the rate of 50.75 
pounds of boric acid per acre each year. 
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Colemanite, a borate of lime, is found in the deposits of Ventura County, 
Cal. Its formula is Ca,B,0,,.5H,O. On heating, the water is driven off, 
and it is reduced to a grayish white powder. The calcined colemanite is 
largely, but not entirely, insoluble in cold water. It is also likely that 
part of the calcium of the colemanite when added to the soil is precipitated 
as carbonate, and the boron in the compound thus acted upon is rendered 
soluble. 

EFFECT OF THE BORON ON THE WHEAT 


The wheat was planted each year in October a few days after the 
manure had been applied to the plots, and the growth was observed 
throughout the year. The crops were harvested the next June. Soil, 
straw, and grain samples were taken at the time of harvest for chemical 
analyses. The first year there was considerable yellowing of the young 
wheat plants in the borax plot, commencing in November and extending 
to the growing period the next spring, when it disappeared. This 
yellowing was not noticed the last two years when the amounts of boron 
added to the manure were reduced to amounts sufficient to act as a 
larvicide. There were no differences in the stand or appearance of the 
wheat on either the borax, colemanite, or manured control plots in 1915 
or 1916. Each year the unmanured control showed the poorest stand. 
The yields of straw and grain from all the plots are given in Table I. 


TaBLe I.— Yield of wheat at Arlington, Va., for three years, 1914-1916, from same plots 
(ay acre), fertilized annually with manure treated with borax and colemanite 





Yield (pounds). 


1914 | 1915 
| 








| 
Straw. | Grain. | Straw. | Grain. 





Manure and borax 204 | 104 | 159 | 89 

Manure and colemanite | 152; 99 

Manured control 234 | 116 | 173] 103 
74 | 


Unmanured control 











100 | 158 78 





@ These shocks were badly eaten by rats. 
YIELDS OF STRAW AND GRAIN 


The results in Table I show that the largest yield of grain was from 
the manured control plot, with the exception of 1916, when the borax 
plot showed the largest yield. The straw yield for 1916 was also highest 
on the borax plot, while the 1914 and 1915 straw yields were highest on 
the manured control. There was some loss from the colemanite plot 
in 1916 as rats ate part of the grain while it was standing in the field 
after cutting. A gradual reduction in the yield of grain each year from 
all plots is noticed. During 1916 there was a marked tendency toward 
the production of straw at the expense of grain, the ratios of straw to 
grain being 2 to 1 or under for 1914 and 1915, while it was 2.5 to 3 to! 
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for 1916 on all plots. It is apparent that during 1914 and 1915, when 
there was a good growth on all plots, the borax had reduced the yield 
of grain over that of the manured control. The yields of grain from the 
borax plots both years were in excess of the yields from the unmanured 
control. The colemanite had little, if any, influence on the yields. 
During 1916, which was a poor year for wheat in this vicinity, the results 
do not show any effect of the boron. There was no apparent cumulative 
action of the boron in the soil. The yields of grain the first two years 
from the borax plots were 12 to 14 pounds under that of the manured 
control, while the third year (1916) the yield was 7 pounds more than 
that of the manured control. 


ANALYSES OF STRAW AND GRAIN 


In Table II are given results of the analyses of samples of straw and 
grain each year from all the plots. Water, ether extract, and nitrogen 
were determined by the methods of the Association of Official Agricul- 
tural Chemists.' The boric acid was determined in the straw and grain 
by the method described by the senior author (3, p. 879),? who used 
strips of paper dipped in an alcoholic solution of curcumin and compared 
the resulting color with that from standard solutions of boric acid. 


TABLE II.—Analyses of wheat straw and grain grown on plots fertilized for three years 
with manure containing added borax and colemanite, at Arlington, Va. 





Constituents (per cent), 
7, ) She Slat? wil 
Ether = | . . 
guteen. | Nitrogen. | Boric acid. 


Plot treatment, Sample. 
Moisture. 





Manure and borax...... i 14 | -70 2.15 Trace. 
. 12 . 28 Trace. 








" Trace. 
- 49 Trace. 

















‘Witey, H. W., ed. OFFICIAL AND PROVISIONAL METHODS OF ANALYSIS, ASSOCIATION OF OFFICIAL 
AGRICULTURAL CHEMISTS. AS COMPILED BY THE COMMITTEE ON REVISION OF METHODS. U. S. Dept. 
Agr. Bur. Chem. Bul. 107 (rev.), p. 38-39. 1908. 

? Reference is made by number to “ Literature cited’’, p. 597- 
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Somewhat more boric acid was found in the grain and straw grown 
in 1916 than in that grown in 1915, while the smallest percentage of 
boric acid was found in the 1914 samples. Even after applying borax 
or colemanite to the same ground for 3 years, very little boron was taken 
up by the plants grown the third season. A little more boron was 
absorbed by the plants grown on the plots fertilized with manure con- 
taining borax than by the plants grown on the plots fertilized with 
manure to which colemanite had been added. In the pot tests reported 
by Cook (3) the same tendency for wheat plants grown on soil containing 
added borax to absorb more boron than plants grown on soil containing 
added colemanite was observed. The water figures were lower in the 
grain and higher in the straw each successive year, and there was a 
marked reduction each year in the ether extract of both wheat and 
straw from all plots, but an increased nitrogen content. The average 
figures show a little more water, fat, and nitrogen in the manured-con- 
trol wheat and straw than in the borax-manure samples of wheat and 
straw. 

The distribution of the boron between the grain and straw samples tested 
was nearly equal. In 1915 the roots of some plants from each plot were 
tested for boric acid with the following results: Borax plot 0.00007 per 
cent, colemanite plot 0.00007 per cent, and control plot o. 


ANALYSES OF SOIL SAMPLES 


In Table III analyses of samples of soil taken from the various plots 
are recorded for each of the three years. The methods used for total 
nitrogen and ammonia (magnesium-oxid distillation process) were those 
of the Association of Official Agricultural Chemists.1 The aeration 
method as outlined by Folin and Macallum (4) for the determination of 
ammonia and the nitrate method of the American Public Health Asso- 
ciation (2) were employed. Both acid soluble and total boric acid were 
determined in each sample. For soluble boron 50 gm. of soil and 200 
c. c. of 1-20 hydrochloric acid were shaken for one hour. The filtrate 
was made alkaline with lime, evaporated to dryness, and ashed. The 
ash was taken up in hydrochloric acid, diluted to 100 c. c. volume, and 
aliquots used for the colorimetric estimation of boron. The total boron 
was estimated by fusion of the soil sample with sodium hydroxid. In 
both cases the colorimetric method, with strips of curcumin paper, was 
employed for estimating the boron. It is apparent that the boron in the 
soil is combined in some insoluble form, such as a silicate, and can be 
estimated only by a fusion process. 








1Wirey, H.W. Op. cit. 
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TaBLE III.—Analyses of samples of soil taken & inches deep from wheat plots at Arling- 
ton, Va., fertilized for three consecutive years with manure treated with borax and cole- 
manité 





Per cent of nitrogen as— Percentage of boric acid. 





Vear and treatment. Hydro- | 
Total NH; (MgO | NHs (Folin chloric 

nitrogen. | method). | method). acid, 

soluble, 





©. 004 
- 003 


. O14 
Colemanite O14 ; F . 00040 
Control manured..... a . 028 F , Faint trace. 


. O21 . 0007 . 0009 . 00018 
Colemanite , . 025 . 0007 . 0009 . 00024 
Control manured..... ; . 025 . 0007 . 0013 . COOI4 























There is considerable variation in the total nitrogen results, undoubt- 
edly due to the sampling. The nitrogen as ammonia, by the magnesium- 
oxid method, showed a gradual increase in all samples from 1914 to 1916. 
The ammonia results by the Folin aeration method were higher in the 
1915 samples, where the highest total nitrogen results were obtained, than 
in the 1916 samples. The soil to which either borax or colemanite was 
added showed less nitrate nitrogen than the control samples for the years 
1915 and 1916, while the borax-plot sample showed more nitrates than 
the control in 1914. The only sample that showed any boric acid soluble 
in weak hydrochloric acid was from the borax plot in 1914, following the 
very heavy application of borax that year. This plot showed a distinct 
injury to the wheat the same year. The results for total boric acid showed 
that considerably more boron was present in the soil to which boron had 
been added, either as borax or colemanite, than in the control soil; but 
no evidence of a cumulative action in the soil was found. 

The colemanite plots showed more total boric acid than the borax plots. 
This is not surprising, in view of the fact that more total boron was added 
to the colemanite than to the borax plots. 


BORON AND PLANT INJURY 


Nakamura (5) tested the effect of borax on barley grown in pot cultures. 
He found that amounts of borax equivalent to o.oo1 per cent of boric 
acid were toxic and that amounts of borax equivalent to 0.0002 per 
cent of boric acid produced slight injury. 





596 Journal of Agricultural Research Vol. X, No. 12 





Agulhon (1) grew wheat in pot cultures with sand and nutrient media 
to which he added varying amounts of boric acid. He found that 0.005 
per cent of boric acid killed the wheat plants, while 0.001 per cent had 
no toxic effect. 

Voelcker (6) in experiments with pots holding 40 pounds of soil, deter- 
mined that 0.005 to o.1 per cent of boric acid (H,BO,) and borax (Na, 
B,O,) prevented the germination of wheat. He found that o0.oo1 per 
cent of either compound was harmful, but amounts from 0.0005 to 0.001 
per cent were beneficial, the effectiveness increasing with the decreased 
percentage of boron. 

In the field tests conducted by the writers at Arlington, Va., the pres- 
ence of 0.0088 per cent of boric acid (added as borax) in the upper 6 
inches of soil was toxic to wheat, while 0.0022 per cent added as borax, 
gr 0.0029 per cent as colemanite was nontoxic to wheat. 

4t is interesting to recall that the soil sample taken nine months after 
the addition of the 0.0088 per cent of boric acid as borax in 1914 con- 
tained soluble boron. The other soil samples for three years and samples 
from this plot the next two years showed no detectable amounts of sol- 
uble boron and no injury to the wheat. The results of the analyses for 
soluble boron in soils from Orlando, Fla., New Orleans, La., and Dallas, 
Tex., to which borax had been added showed the presence of consider- 
able amounts of soluble boron in the soils from Orlando and New Orleans 
where the crops had been decidedly injured by the borax. ‘The crops at 
Dallas showed no injury, and no soluble boron was detected in the soil. 

In brief, there appears to be a direct connection between the presence 
of soluble boron in soil and injury to plant growth. There is apparently 
a gradual combination of the soluble boron added to soil either as a 
silicate or calcium borate. The rapidity with which soluble boron be- 
comes insoluble varies with each individual soil or soil type and with 
climatic and other factors. 


SUMMARY 


In field tests at Arlington, Va., based on the yield of the manured 
control plot, borax reduced the yield of wheat (grain) 10 per cent in 
1914 and 1915, while colemanite had little, if any, effect. The manured 
control gave the largest yields of grain in-1914 and 1915, and the 
unmanured controls the lowest yields. 

In 1916 the yields from all four plots were low, and the proportion 
of straw to grain was higher than during the two previous years. In 
1916 the borax plot gave the best yield. 

During the three years there were seasonal variations involving a 
gradual decrease of fat and an increase of nitrogen in the grain and 
straw from all plots. During this period the moisture in the straw 
increased and that of the grain decreased. 
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More boron was absorbed by the plants from the borax than from 
the colemanite plots, although only minute amounts of boron were 
absorbed by any of the wheat plants. The 1916 samples of straw and 
grain contained more boron than the 1914 and 1915 samples. In all 
samples a relatively uniform distribution of boron in the straw and 
grain was found. 

A yellowing of the young plants was observed the first year (1914) on 
the borax plot. This directly followed a heavy application of borax 
manure to the plot, and the sample of soil from this plot taken nine 
months later showed the presence of soluble boron. In no other soil 
sample was any soluble boron found. Apparently the added borax is 
gradually combined in an insoluble compound and so distributed that 
the upper 6 inches of soil show little total boron after three yearly 
additions of borax. There were no evidences of any cumulative action 
of boron in the soil. It was apparently the soluble boron, not the total 
boron, in the soil that produced injury to the wheat plants. 
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ENERGY VALUES OF HOMINY FEED AND MAIZE 
MEAL FOR CATTLE 


By Henry Prentiss ArmsBy, Director, and J. Aucust Friks, Assistant Director, 
Institute of Animal Nutrition of The Pennsylvania State College 


COOPERATIVE INVESTIGATIONS BETWEEN THE INSTITUTE OF ANIMAL NUTRITION OF 
THE PENNSYLVANIA STATE COLLEGE AND THE BUREAU OF ANIMAL INDUSTRY OF 
THE UNITED STATES DEPARTMENT OF AGRICULTURE 


INTRODUCTION 


Hominy feed is a by-product of the milling of maize (Zea mays) for the 
production of hominy. In the winter of 1909-10 series of 10 respiration 
calorimeter tests was carried out at the Institute of Animal Nutrition for 
the purpose of determining, by the methods outlined in a previous paper 
(2),' the net energy value of this by-product as compared with that of the 
maize from which it is manufactured. Some of the data obtained, to- 
gether with earlier results on maize meal, were included with others in 
the general discussion of net energy values contained in the paper just 
referred to, but a review of these results and a more specific comparison 
of maize with its by-product, hominy feed, or hominy chop, including 
some more recent results on maize meal (3) seem desirable. 


THE FEEDING STUFFS 


As stated, hominy feed is a by-product of the manufacture of hominy 
or brewers’ grits. In addition to their use as food, these products are 
used somewhat extensively by brewers and bakers. They are intended 
to consist substantially of the endosperm of the maize from which the 
hulls and germs have been completely separated. It is desired to reduce 
their percentage of fat to the minimum, and for this reason maize low in 
fat is preferred and special stress is laid upon the complete separation 
of the germ. White corn is used exclusively. It is first moistened to 
loosen the hull and then is passed through a machine called a “degermi- 
nator,”’ which cracks the grains and is intended to remove the hulls and 
germs. The first separation, however, is incomplete, and from this point 
the material undergoes a process of gradual reduction and separation 
similar in its general outline to that used in the milling of wheat. 

A comparison of the composition of our hominy feed,’ as shown by 
analyses of two independent samples, with that of the hominy feed used 





1 Reference is made by number to “ Literature cited,” p. 613. 

? Through the courtesy of the Miner-Hillard Milling Co., of Wilkes-Barre, Pa., we were able to obtain for 
experimental purposes a quantity of the freshly manufactured hominy feed and also of the maize from which 
it was made, and likewise to secure data as to the yield of the various products of the milling. 
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by Lindsey (6,7) in the digestion experiments hereafter referred to, and 
with Henry and Morrison’s average of the composition of 778 samples 
(5, p- 633), is contained in Table I, from which it appears that our hominy 
feed was of normal composition. 


TaBLE I.—Percentage composition of hominy feed, water-free 





Lindsey’s analyses. 
: Henry and 
Constituent. Morrison's 
1904 and average. 
1905. ‘ 








; 3. 38 
Protein @ ; b 
I is ios. carsaunun ss Kowa eorseae , \ atta 
Crude fiber -e 4.97 
Nitrogen-free extract 
Ether extract 





Total nitrogen 

2 esas ate eateearaweern 
Heat of combustion per 

Calories 

















@ Protein N X6.0. > Total N X6.25. ¢ Nonprotein N X4.7. 


The composition of the maize meal employed in this experiment 
(designated as experiment 211) and of that used in other experiments 
here, and likewise Henry and Morrison’s average of 5,335 analyses 
(5, p. 633), is shown in Table IT. 


TABLE II.—Percentage composition of maize meal, water-free 





_| Henry and 
q | ‘ es , Morrison’s 
| Experiment | Experiment | Experiment} average. 


ait. | 220. 
| 


| ; 
| Our experiments. 
| 


Constituent. 





Nonprotein 5 

Crude fiber 

Nitrogen-free extract 

PROP CRORE. oo oe slies vow eee eds 








Total nitrogen 


Heat of combustion per kilogram, 
Calories 











@ Protein N X6.0. b Nonprotein N X4. 7. ¢ Total N X6. 25. 
The hay used in our experiments was mixed clover and timothy. In 
view of the rather low percentage of protein in the concentrates, a legume 
hay would probly have been preferable, had one been available. The 
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average composition of eight independent samples of the hay was as 
shown in Table III. 


TaBLE III.—Percentage composition of mixed hay, water-free 





Composi- 
tion. 





| 
| 


7. O1 
g. 62 
I. 29 

: 33- 78 

Nitrogen-free extract 46. 00 

Ether extract 2. 30 





100. 00 
Heat of combustion per kilogram..Calories..| 4, 396 














@ Protein N X6.25. > Nonprotein N X4.7. 
PARTITION OF INGREDIENTS OF MAIZE 


From a bushel (56 pounds) of maize there are obtained about 38 
pounds of hominy, or grits, and about 18 pounds of by-products, con- 
sisting of— 

(a) The hulls of the grains, together with the tips, derived from the 

about 2 pounds. 

(b) The germs about 9 pounds. 

(c) The starch immediately surrounding the germ and tip, which is 
necessarily scoured off in the various processes of grinding and 
screening about 7 pounds 

These three products ground together constitute hominy feed. The 
percentages of the various products, therefore, are approximately— 


Partial analyses of samples of the hulls and tips, the germs, and the 
hominy were also made, with the results shown in Table IV. 


TABLE 1V.—Percentage composition of milling products 





In dry matter. 
re eae oe 


matter. | a 
| Nitrogen. | Carbon. 





86. 60 : 4 | 45. 03 
QI. 42 | i . 47. 81 
QI. 02 3 " 50. 60 
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From the foregoing figures the partition of the ingredients and of the 
energy of 100 pounds of maize between the several products of the 
milling may be computed to have been as shown in Tables V and VI. 
The outstanding differences are the considerable proportion of the 
nitrogen and the large proportion of the ash of the maize found in the 
hominy feed. 


TABLE V.—Partition of ingredients of 100 kgm. of maize 





; | oe 
Constituent. Dry matter, Ash, Nitrogen. Carbon. Energy. 





| 

| Kgm. Kgm. Kgm. Kgm. Therms. 
In 3.5 kgm. of hulls and tips. .| 3. 20 0. 06 : 1. 5 
In 16.1 kgm. of germs....... 14. 65 . 87 j 7.41 
In 12.5 kgm. of scourings. .. .| 8. 30 - 16 ‘ 4. 34 





In 32.1 kgm. of hominy feed. .| 26. 15 . 09 mr 13. 28 
In 67.9 kgm. of hominy.....| 58. 80 .2 








In 100 kgm. of maize.........! 84. 95 1. 38 ; 39-7 














a By difference. 
TABLE VI.—Percentage partition of each ingredient 


| 





Constituent. Dry matter. Ash. Nitrogen. Carbon. 





Pils end tips? 3 : 4. 35 2. 92 3. 85 
OTN Ace. cccilanieni bs cee 25 63. 04 26. 28 18. 64 
a ee eee 9. II. 59 8. 03 10. gI 





Hominy feed 79 | 78.98 | * 37-23 33- 49 


3 
Grits : 02 62.77 66. 60 














} 
Maize ; . OO | 100. 00 100. 00 





ANIMALS 


The experiments were made upon two steers. It was not found 
practicable to make the comparison on the same animal, since the 
experiment had other objects, but the two steers were of like breed and 
very similar in type, steer D being a grade Hereford, 33 months old, 
and steer G a full-blood Hereford, 38 months old. 


GENERAL PLAN 


Each animal received three different amounts of hay in as many 
periods, and from the data thus obtained the energy values of the hay 
were computed. In two additional periods steer D received a mixed 
ration of equal parts of hominy feed and mixed hay, and steer G a mixed 
ration of 1 part mixed hay and 2 parts maize meal. One of these two 
rations in each case was intended to be approximately a maintenance 
ration, while the other was as heavy a ration as it was found practicable 
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to feed. The results upon the concentrates were computed upon the 
assumption of unchanged utilization of the hay as computed from the 
three periods on hay alone. 

Each period comprised 21 days, of which 11 were regarded as pre- 
liminary, while the visible excreta were collected quantitatively for the 
remaining 10. The complete balance of matter and energy was deter- 
mined with the respiration calorimeter on the eighteenth and nineteenth 
days of each period. A list of the periods and rations fed and of the 
average live weights of the animals is contained in Table VII. 


TABLE VII.—Periods, rations, and live weights of experimental animals 


| . ~ { 
| Rations. 
Average 
; | ta) ive 
| Mixed |Hominy| Maize | weights. 
| hay. | feed. | meal. 

| 





Period No. Preliminary feeding. | Excreta collected. 





Steer D: ‘ | Kgm. Kgm. 
Period 1... P. | . 30, Igog- ; 460 
. 8, IgIO. 


Period 2... 
Transition 
feeding. 
Period 3... 
Transition . 27—-Mar. « 

feeding. | 
Period 4... OIG éccade.) 
Period 5... . 27—Apr. 
Steer G: 
Period 1... p 
Period 2...| Jan. 23-Feb. veeel Feb. 
Transition 
feeding. 
Period 3... 
Transition 
feeding. 
Period 4... 
Period 5... 

















PERCENTAGE DIGESTIBILITY 


The digestibility of the total rations and that of the grain as computed 
on the assumption that the hay consumed with it had the digestibility 
shown by the true average of the periods on hay alone was as shown in 
Table VIII. 
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TaBLE VIII.—Percentage digestibility of rations and of grain 





Hay | Mixed hay and | Computed diges- 
grain. | tibility of grain. 


Animal and constituent. 





7 | 
.| Period 4.| Period a Average.| Period 2. Period 3. Period 2. | Period 3. 


| 








| 
Steer D (hominy 
feed): | | 
60. ; : 72.71 | 72.42 | 87.56] 86.98 
iesieeieh babii 34. ” ‘ 30.79 | 43.42 | 11.09] 56.38 
Organic matter. : 62. , ‘ 73:97 | 89.83 | 87. 98 
Protein. . ce 59. ; . -73 | 59.08 | 63.04] 71.64 
Crude fiber. . ; 59. , ; -09 | 54.92 | 101.94] 55.94 
Nitrogen-free 
extract........| 62. 66. 5: t .40 | 80.93 | 91.97] 91.10 
Ether extract...| 56. 38 | 56. ’ ‘ . §0 | 87.27 | 96.47] 95.36 
Total nitrogen. .| 49. 53. : ; . 54 | 64.06] 66.25] 77.98 
58. ‘ . . 65 | 7%.9t | 86:33] 38.03 
Energy... -| §2 58. P 54. 84 -35 | 71-60 | 88,52] 87.17 
Steer G(maize meal): 
Dry matter n 60. . 59. 44 . 79 )79.73 | Ox. 63 |, 70. S85 
Ash. . ar i * 37: 34. 45. 13 - 23 | 36.22 |-—-11.90] 15.89 
Organic matter ‘ . 61. ; 60. 89 . 62 | 74.06 | 93.16] 80. 45 
Protein.. cars : 50. , 47.76 . 22 | $5.57 | 73.00} 50:05 
Crude fiber. . : 59. : 57.92 .13 | 51.15 | 105.80] 14.92 
N itrogen-free 
CRITRCE. occ 66. 66. 02 | 64. 98 .90 | 80.90 | 95.91 | 85.54 
Ether extract...| 58. 55: 62. 09 | 58. 09 -13 | 80.15 | 90.87] 85. 53 
Total nitrogen. .| 52. 49. 50. 34 | 51. 41 -71 | 56.32 | 68.98] 59. 22 
CREO isc hs ven SM 57. 57-35 | 57-34 . Or | 72.37 | 92.351. 99.82 
Energy... .......| 50. 57. 56. 32 | 56.75 | 79.98 | 71.56] 91.55] 78.96 





























The average percentage digestibility of the hay, as computed from the 
aggregate feed and excreta of the three periods, did not differ as between 
the two animals to a greaterextent than isoftenthecase. The differences 
as regards dry matter, organic matter, and energy are about 2 per cent, 
for nitrogen about 1 per cent, for crude fiber about 3 per cent, and for the 
remaining ingredients less than 1 per cent. 

The heavier hay and grain rations of period 3 as compared with the 
lighter ones of period 2 show a slight decrease of digestibility in the case 
of steer D (on hominy feed), and a decided decrease with steer G (on 
maize meal). In the latter case it is to be noted that the difference in 
the quantity consumed was also greater than with steer D and that the 
ratio of grain to hay was also greater. 


METABOLIZABLE ENERGY 


The data obtained regarding the amount of chemical energy escaping 
in feces, urine, and methane, and the metabolizable energy remaining 
have already been published (2), but the principal results are repeated 
in Table IX for convenience. 
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TABLE IX.—Losses of chemical energy—metabolizable energy 





Energy per kilogram of dry matter. |yetab-| Percentage losses. 
oliza- 
bleen- 
Losses. ergy 


per 
kilo- 
Feed, animal, and period. gram 
of di- 
gest- 
+ lible or- 
ganic 
mat- 

















Calo- 
Hay: ries. 

Steer D, period 1 285 
Steer D, period 4 332 
Steer D, period 5 ’ 5 345 
Steer G, period 1 +906 300 
Steer G, period 4 . 319 
Steer G, period 5 . 358 





“Own 
“udou 


3 














BASED 


a 
— 








323 | 1,914 | 3, 


Hay and hominy feed: | | 
Steer D, period 2 , 209 403 | 2,687 | 3,775 
Steer D, period 3 , , 196 340 | 2,724 | 3,879 


wn 
~ 
~ 














7 | 3,277 | 203 371 2,706 | 3,827 








Hay and maize meal: 
Steer G, period 2 189 2,954 | 3,701 
Steer G, period 3 | * 156 2,689 | 3,763 














2,821 3-732 


Hominy feed (computed): | | 
Steer D, period 2 31487 | 3,993 
Steer D, period 3 3557 | 4,156 





3,522 | 4,075 





Maize meal (computed): 
Steer G, period 2 3,460 | 3,776 
Steer G, period 3 372 | 3,063 | 3,869 














441 | 3,261 | 3822 . 3-32 | 975 | 72.19 














With steer D the heavier ration of period 3 as compared with period 2 
resulted in a slightly greater loss in the feces, which, however, was 
slightly more than offset by lessened losses in urine and methane, so 
that the percentage metabolizable in the total ration was practically the 
same. With steer G, on the contrary, the much heavier ration of period 
3 caused a marked falling off in digestibility which was only partially 
compensated by smaller losses in the urine and methane, so that the 
percentage metabolizable was distinctly less. 


HEAT PRODUCTION 


The heat production as measured by the respiration calorimeter 
compared with that computed in the ordinary manner from the balance 
of carbon and nitrogen is shown in Table X. 

4600°—17——-2 
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TABLE X.—Observed and computed daily heat production 





! 
| | 
Animal and period. Observed. | Computed. | Difference. | por omen | 








Steer D: 


Period 1 


F Calories. | Calories. | Per cent. 
UMNO, cscs seid tn eeki bi sermrce 7 II, 951 75 106. 
Second day 12, 327 510 104. 
: First day 9, 635 224 102. 
Period 2 reer eae oe 7 9, 992 210 
REMAIN nig si. 05 9001915. 816: <0 0:0lp's.6 0 RS 13, 593 252 
PURINE RMEC IRN, ro: cies 0.6. cies alas 14, 038 8 
First day.....+.-.s.0+++eseeees 9; 257 44 
—— BR aie sin alors dcsgempnr acess o = 106 

NRO 6g a'a 38: cinginns's: Sasi <W Sp et 194 4I 
NN sinc. ¢ phi iain ous 6| 8,082 76 





Madu NRHP O O 


ey ee ee 11, 601 68 
ORE MIDY 6 2) .icsleinie 5 cidewe tes 11, 683 69 
Second sal os 

OU CR et pore 2 7 
oS Ae etree 12, 829 478 
I a ea 7 12, 786 
MEM chin cic asi om css Sire Reis 8 9, 080 12 
Se ee ce 8, 806 ° 
fa, ESE SEA COP IT PR Sear 6, 786 
PIA 6. ion. 5 3:55.05 vie ness 7, 004 

















STANDING AND LYING 


Standing and lying have been found to exert such an influence on the 
heat production of cattle that, in order to make comparisons, the observed 
results must be corrected to a uniform proportion of time standing and 
lying. The total heat production of each day of the 2-day periods has 
therefore been corrected to 12 hours’ standing and 12 hours’ lying in the 
manner described on page 454 of the paper already referred to (2) and 
the two days averaged. The distribution of this corrected heat produc- 
tion has also been computed by the method explained on page 468 of 
the same publication. The results of these computations are recorded in 
Table XI. 


TABLE XI.—Heat production corrected to 12 hours’ standing 





Dry matter eaten.| Corrected heat production. Analysis of heat production. 





Animal and 


period. Rising | Meth- 


Stand- and | ane fer- 


ing 12 
hours. 


Re- 
main- 
der. 


Second | 48-hour 
day. mean. lying | menta- 


down. tion. 





e Grain. 
} 
| 
| 


Grams. | Grams. ies.| Calories. Calories. i | Gaieten! Cadet 
6, 204 | 12,995 1,679 805 9, 796 
1,747 | 10, 126 , 1, 695 643 7) 538 
3,910 15,040 1,850 1,216 11, 768 

9, 680 » 1,498 527 7,524 

8,259 1,497 282 6,422 


11,971 1,802 830 9,386 
8, 362 1,505 470 6,421 
2,383 | 5 14, 467 2,852 1,126 10,515 
35149 9, 242 1,958 457 7,078 

| 7,178 1,382 261 5,772 
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ENERGY EXPENDITURE CONSEQUENT ON FEED CONSUMPTION 


It is a familiar fact that the consumption of feed tends to stimulate 
the metabolism of an animal, as is manifested by the increased amount 
of heat produced. The energy thus expended, as well as the chemical 
energy escaping in the excreta, must be deducted from the gross energy 
of a feeding stuff to obtain its net energy value. In this experiment 
the losses of energy in heat production per kilogram of dry matter, 
computed as in previous papers, are recorded in Table XII. 


TABLE XII.—Increment of heat production per kilogram of dry matter 





Analysis of increment. 





crement | 

per kilo- | Stand- 
| gram. ing 12 
| hours. 


| 
Total in- 


Rising | Meth- 
and /anefer- 
lying | menta- 
down. | tion. 


| 

| 

| « Periods 
Feedstuff. > | compared. Re. 

| main- 

| der. 





| Calories. 'Calories. Calories. Calories. Calories. 
rand 5 | 928 41 c 118 | 764 
rand 5] 1,031 | 137 806 


of | 





Average | 980 | 
Mixed hay and hominy feed. .| 2 and 3 I, 147 | 
Mixed hay and maize meal. . .| 2 and 3 I, 297 

| 


123 | 785 
132 972 
140 | 871 
Computed for hominy | 

feed..... .| 


Penh a Ris Pe 2 and 3 | 146 | 1, 180 
Computed for maize 








G | 2and3 | 146 906 
| | 








One kgm. of maize dry matter appears to have caused a somewhat 
greater increase (about 5 per cent) in heat production than the same 
amount of hominy feed. A marked difference is manifested in the 
proportion of the increase due to standing, while the heat evolved by 
fermentation is substantially equal, and the direct stimulus to the 
metabolism (‘‘remainder’’) is less with maize. The total difference is 
probably not very significant. 


NET ENERGY VALUES 


By subtracting from the gross energy of the hominy feed and maize meal, 
respectively, the losses of chemical energy in the feces, urine, and methane, 
as shown in Table IX, and the energy expenditure consequent upon its 
consumption as measured by the increment of heat production shown 
in Table XII, the following net energy values for the two feeding stuffs 
may be computed. Later investigations on maize meal (3), however, 
led to the conclusion that the figure obtained in this experiment for the 
heat expenditure in feed consumption was too high, and that 1,289 
Calories per kilogram of dry matter was more nearly correct. The 
results in Table XIII are computed, using both factors. 
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TABLE XIII.—Net energy values per kilogram of dry matter 





Expended | 
Losses in in feed 
Feedstuff. excreta. | consump- 
tion. | 


Net 
energy 
value. 





Calories. | Calories. | Calories. | Calories. 

Hominy feed 4, 709 I, 187 I, 365 2,157 
Maize meal 4, 517 I, 256 I, 434 1, 827 
Maize meal, corrected result ................1 4,517 I, 256 1, 289 1,972 














COMPARISON WITH OTHER RESULTS 


The results of this experiment indicate a distinct, although not great, 
superiority per kilogram of the hominy feed over the maize meal from 
which it was made. Before generalizing this conclusion it is obviously 
desirable to make such comparisons as are possible with results of other 
experiments. 

AVERAGE RESULTS ON MAIZE MEAL 


Additional determinations on the influence of maize meal upon the 
heat production, designated as experiments 179 and 220, have been 
reported from this Institute, and the results of 12 determinations of its 
digestibility have been averaged by Henry and Morrison (5). As Table 
II shows, the maize meal used in the trials just described did not differ 
materially in composition from that used in our other experiments nor 
from the composition shown by Henry and Morrison’s average. The 
percentage digestibility of the ingredients of the samples of maize meal 
used in our several experiments (including the results already reported 
in Table VIII) is shown in Table XIV. 


TABLE XIV.—Percentage digestibility of maize meal 





Experiment 179. | Experiment arr. Experiment 220. 


Period | Period | Period | Period | Period | Period.| Period 
3. 4 2 3. 3: 4. . 





Constituent. 








Dry matter | 64.91 | 76.23 | 91.63 | 79.55 | 89. 78 | 81. 54 
Organic matter | 66. 77. 68 , 80. 45 | 90. 15 | 82. 37 
Total nitrogen : 61. 58 : 59. 22 | 69. 68 | 59. 21 
True protein : 58. or . 59-95 | 74-74 | 65. 46 
Crude fiber ’ ‘ 49. 05 14.92 | 76.27 | 17.42 
Nitrogen-free extract.........) 77. 88. 20 , 85. 54 | 93-19 | 86. 61 
Bther-extract. ....660.5506 0.05) Fhe 83. 89 i 85. 53 | 85. 52 | 83. 96 
| 




















74-93 ‘ 78. 96 88. 29 | 80. 40 | 
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The results obtained in experiment 179, period 3, appear to have been 
abnormally low. The average of the 6 others, compared with Henry and 
Morrison’s average of 12 experiments, is as follows (Table XV): 


TABLE XV.—Average percentage digestibility of maize meal 





‘ Our | Henry and 
Constituent. experi- Morrison's 
average. 





Dry matter 

Organic matter 
Total nitrogen 

True protein 

Crude fiber 
Nitrogen-free extract 
Ether extract 








Our averages are slightly lower than Henry and Morrison’s. The 
latter did not include in their compilation experiments in which the 
nutritive ratio of the total ration was 1 to 12 or wider.’ In all but one of 
our six experiments the nutritive ratio approached or passed 1 to 12, 
and this may account for the slightly lower digestibility. On the other 
hand, the lower digestibility in such cases ‘appears to be due to a con- 
siderable extent to lessened fermentation of the carbohydrates and a 
correspondingly decreased loss of energy in methane, so that, as the 
writers have pointed out, a certain degree of compensation occurs as to 
the energy values and particularly as to the metabolizable energy per 
unit of digestible organic matter (2, p. 446, 451). It appears probable, 
therefore, that the factors for the latter quantity obtained in our ex- 
periments may be applied safely to other experiments also. 

The metabolizable energy of maize meal in our experiments, com- 
puted as in Table IX (omitting experiment 179, period 3), was as shown 
in Table XVI. Henry and Morrison’s results afford no data for a com- 
parison of this sort. 


TABLE XVI.—Metabolizable energy of maize meal 








Per 
Per : 
: kilogram 
—— digestible 


organic 
matter. | matter. 


Experiment No. 





Calories. Calories. 

Experiment 179, Period 4 3; 392 3, 716 
Experiment 211, Period 2 3, 460 3» 776 
Experiment 211, Period 3 3, 063 3, 869 
Experiment 220, Period 3 3, 334 35753 
Experiment 220, Period 4 3, 129 3, 851 
Experiment 220, Period 5 3, 200 3, 543 











3, 263 | 3,751 
tore 





1 Private communication. 





610 Journal of Agricultural Research Vol. X, No. 12 





It would appear that the factor 3.9 therms per kilogram of digestible 
organic matter proposed by the writers (2, p. 453) for concentrates con- 
taining less than 5 per cent of fat is somewhat high for maize meal and 
that 3.8 would be more nearly correct. Applying the latter factor to 
Henry and Morrison’s averages for the digestible nutrients, and using 
the average result for the heat increment per kilogram of dry matter 
which was reported in a previous paper—viz, 1.289 therms per kilogram 
dry matter—gives the results in Table XVII. 


TABLE XVII.—Energy values of average maize meal per kilogram dry matter 


Calories. 


Metabolizable energy 3) 402 
Energy expended in feed consumption. ........................+4 1, 289 


Net energy value 
AVERAGE RESULTS ON HOMINY FEED 


The composition of our sample, as shown by Table I, corresponded 
substantially to Henry and Morrison’s average of 778 samples of high- 
grade hominy feed. No other determinations on the influence of hominy 
feed upon the heat production of an animal have been reported, but the 
average of nine determinations by Lindsey (6,7) of its digestibility by 
sheep is given by Henry and Morrison (5, p. 647). 

A reference to the original shows that the “English hay” used in eight 
out of the nine experiments was notably lower in protein than the mixed 
hay used in our experiments. Whether or not as a consequence of this 
lack of protein, three experiments out of the nine showed coefficients dis- 
tinctly lower than the remainder—viz, for dry matter 71 per cent, 75 per 
cent, and 78 per cent. If these three apparently exceptional results are 
omitted, the average of the remaining six corresponds very well with our 
data, as Table XVIII shows. 


TABLE XVIII.—Percentage digestibility of hominy feed 





| | 
| Lindsey’s results. | | Average of 
. Our results | Lindsey’s 
Constituent. : ‘ _ | (two ex- | six and our 
Nine ex- | Six experi- | periments).| two experi- 
periments. | ments. 








Dry matter , ’ 87. 27 
Re EE coos cle. ae ate Cees 88. 91 
Total nitrogen 5 q 72. 12 
RMON S siliiis sy Siiss rocusenaddenenss 67. 34 
Crude fiber : F 78. 94 
Nitrogen-free extract " ; gl. 54 
SpE NT ss 5h isn cnias sentncwanronacianns ; Y 95- 92 














Regarding the figures of the last column of Table XVIII as represent- 
ing the average digestibility of hominy feed, we may compute from the 
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average composition as shown in Henry and Morrison’s compilation (Table 
I) the digestible organic matter. Multiplying the latter by the factor 
4.075 Calories per gram obtained in our experiments, we may compute 
the energy values of average hominy feed to be as follows (Table XIX): 


TABLE XIX.—Energy values of average hominy feed per kilogram of dry matter 
Calories. 
Metabolizable energy 
Energy expended in feed consumption. ............... 
Net energy value 
The results of the foregoing comparisons agree with those of Experi- 
ment 211 in giving a somewhat higher net energy value for hominy feed 


than for maize meal, although the difference is small in both cases, and 
in the average results hardly significant (Table XX). 


TABLE XX.—Average net energy values per kilogram of dry matter 





| 
From ex- | Computed 
periment | from aver- 
ait. age results. 








; Calories. Calories. 
Ns dy data wi cue weeeeel alert aaregoeartaatetaian : 1,972 2,113 


Hominy feed | 2,177 





From the foregoing results and from the data contained in Table V it 
may be computed that the partition of the net energy of maize between 
the hominy and the total by-products included in the hominy feed is as 


follows: 
TaBLE XXI.—Percentage partition of net energy of maize 





| Computed 
| from ex- 
Feedstuff. periment 
ait. 


Computed 
from aver- 
age results. 








In hominy feed 
In hominy 





In maize 








CORRECTION OF EARLIER TABLES 


In three earlier publications (1, 4, 8) there has appeared a table of net 
energy values of feeding stuffs for cattle computed in the manner pro- 
posed by the writers (2, p. 486) from Henry and Morrison’s figures for 
digestible nutrients (5, p. 653). The foregoing results indicate that the 
averages given in that table for maize and hominy feed require some 
correction. 
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In the case of maize the metabolizable energy was estimated at 3.9 
Calories per gram of digestible organic matter as in the case of other 
similar concentrates. As shown above, the actual average is about 3.75 
Calories per gram—that is, lower than that of other concentrates which 
have been experimented with—so that the tabulated results are somewhat 
too high. 

In the case of the hominy feed an error was made, we believe, in the 
other direction by using too low figures for the average digestibility of 
this material. On the basis of the results here discussed, we submit the 
following corrections (Table XXII) for the table referred to: 


TABLE XXII.—Net energy values per 100 pounds (with average water content) for cattle 





? As pub- 
Feedstuff. ; lished, | Corrected. 





. Therms. Therms. 
Maize, dent 89. 16 85. 50 


Maize, flint 87. 50 84. 00 
Maize meal 88. 75 85. 20 
81. 31 88. 78 











SUMMARY 


A comparison is reported of the metabolizable energy and of the net 
energy value of hominy feed as determined in an experiment on a grade 
Hereford steer with the corresponding values for maize meal ground from 
the same grain, as determined in a parallel experiment on a full-blood 
Hereford of about the sameage. Data are also reported as to the partition 
of the ingredients and energy of maize meal among the products of its 
milling for the production of hominy. 

An increase in the amount of the mixed ration of hay and hominy feed 
consumed resulted in a slightly decreased digestibility, while a greater 
increase in the amount of mixed hay and maize meal consumed caused 
a considerable decrease in digestibility. 

The average’ percentage losses of energy in the excreta were greater 
with maize meal than with hominy feed, chiefly on account of the some- 
what lower digestibility of the former, notably in the heavier ration. 

The metabolizable energy per kilogram of dry matter and per kilogram 
of digestible organic matter was greater for the hominy feed than for the 
maize meal, the difference being due to the higher gross energy and smaller 
losses in the former case. 

The increment of heat production by the animal per kilogram of dry 
matter consumed was slightly less for the hominy feed than for the maize 
meal but slightly greater than the average of all experiments on the latter 
material. 

The net energy value of the hominy feed in this experiment was dis- 
tinctly greater than that of the maize meal. A computation of thenet 
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energy values based on the average composition and digestibility of the 
two materials reduced this difference to an insignificant amount. 

Corrections are reported for the net energy values of hominy feed and 
maize meal contained in earlier tables. 
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FURTHER STUDIES OF THE MOSAIC DISEASE OF 
TOBACCO 


By H. A. ALLARD, 


Assistant Physiologist, Tobacco and Plant-Nutrition Investigations, Bureau of Plant 
Industry 


SUSCEPTIBILITY OF PLANTS TO INFECTION THROUGH THE 
TRICHOMES 


The virus of the mosaic disease of tobacco (Nicotiana tabacum) is readily 
inoculated into the tissues of healthy plants. The disease may be easily 
communicated by means of a needle through the roots, the stems, or 
the leaves. It is interesting to note that inoculations are also success- 
ful when the virus is introduced into susceptible plants through the tri- 
chomes of the leaves alone. Experiments have shown that a very high 
percentage of infection may be obtained when the virus is painted or 
rubbed lightly upon the leaves with a soft brush.! 

The following experiments (Table I) make this fact plain. Young 


plants of the Connecticut Broadleaf variety growing in 3-inch pots were 
used in all tests. 


TABLE I.—Experiments showing infectivity of the virus when inoculated into the trichomes 
of leaves of tobacco plants 





Number of Date of 


plants tinentation Treatment. | Results 





mgt. | Ss 

Virus painted on several leaves | First symptom August 
with a camel’s-hair brush. | 28; 10 mosaic Sep- 

| tember 3. 

Healthy sap painted on one leaf | All healthy September 3. 
with a camel’s-hair brush. 

Virus painted lightly on the tri- | First symptom Septem- 
chomes of one leaf only with ber 1; 10 mosaic Sep- 
a camel’s-hair brush. tember 7. 

Tips of trichomes on the small- | First symptom Septem- 
est, inmost leaf pinched and ber 1; § mosaic Sep- 
bruised with forceps mois- tember 7. 
tened with the virus of mosaic. 
The leaf surface was not 
touched. 














1Clinton has observed that the mosaic disease of tobacco is readily communicable to healthy plants by 
tubbing the virus upon the leaves. (Cuinton, C. D. CHLOROSIS OF PLANTS WITH SPECIAL REFERENCE 
TO CALICO OF TOBACCO. In Conn. Agr. Exp. Sta, Rpt. ror4, p. 357-424, pl. 25-32. rors.) 
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TABLE I.—Experiments showing infectivity of the virus when inoculated into the trichomes 
of leaves of tobacco plants—Continued 





Number of Date of 
plants. 


Lanoniation. Treatment. 





1915. 
10 (control)..) Aug. 27 | Tips of the trichomes of the | All healthy September 7. 
youngest leaves pinched and 
crushed with forceps dipped 
in healthy sap and tap water. 
Fresh virus rubbed lightly on | First symptom Septem- 
the trichomes of two of the ber 2; 10 mosaic Sep- 
oungest leaves with a brush. tember 7. 

Trichomes pinched and bruised | 10 plants mosaic Sep- 
with forceps moistened with tember 7. 
virus of mosaic. 

Trichomes pinched and bruised | All healthy September 7. 
with sterilized forceps dipped 
in healthy sap and tap water. 

Fresh virus punctured into sev- | 9 mosaic September 7. 
eral leaves with a needle. 

Trichomes of the smallest leaves | 6 mosaic September 7 
pinched and crushed with for- 
ceps dipped in the virus of 
mosaic. 

do 8 mosaic September 7. 

Tap water and fresh healthy sap | All healthy September 7. 
inoculated into the leaves 
with a needle. 

Tips of the trichomes of the | First symptom Septem- 
smallest, inmost leaves cut ber 1; 9 mosaic Sep- 
with small scissors and fresh tember 7. 
virus carefully introduced up- 
on the cut surface. 

7 mosaic September 7. 

I cars 9 mosaic September 7. 

10 (control). .|... Tap. water and healthy sap | Allhealthy September 7. 

painted upon the trichomes 

of the leaves. 














It is evident that the infective principle very readily enters a plant 
through the trichomes, if these are broken or bruised. The readiness 
with which plants may bé affected in this manner accounts for the high 
percentage of infection obtained in the touching and handling experi- 
ments of earlier investigators working with the mosaic disease of tobacco. 

The following experiments indicate that the infective principle of the 
disease may also be extracted from the trichomes of mosaic plants. On 
October 23, 1915, the trichomes of the youngest leaves of a mosaic 
plant were carefully cut with small scissors previously sterilized by 
boiling. The trichomes of the youngest leaves of a healthy plant were 
then cut with the same scissors. In this process of cutting the trichomes 
are more or less bruised and macerated. This operation was repeated, 
with healthy and mosaic plants alternately, until 10 healthy plants 
were treated in this manner. Eight of the healthy plants so treated 
were mosaic on November 3, 1915. ‘Ten control plants treated in the 
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same manner—that is, by cutting the trichomes of healthy plants with 
sterilized scissors—remained healthy. The preceding test was again 
repeated with the trichomes of mosaic plants on October 30, 1915. Of 
the 10 plants thus treated, 5 were mosaic on November 27, 1915. All 
controls remained healthy. 


EFFECT OF SPRAYING AND DROPPING THE VIRUS UPON THE LEAVES 
OF TOBACCO PLANTS 


All experiments indicate that the infective principle of the mosaic 
disease of tobacco does not readily invade uninjured trichomes or leaf 
tissues. Although infection sometimes follows when the virus 1s merely 
sprayed upon the leaves with an atomizer, or dropped carefully upon 
the surface at one or two points, this appears to be a very uncertain 
method of producing infection in healthy plants. If, on the other hand, 
the virus is sprayed upon the leaves and subsequently rubbed in, infection 
readily follows, probably from the fact that the trichomes are more or 
less injured (Table IT). 


TaBLE II.—Effect of spraying and dropping the virus upon the leaves of 10 Connecticut 
Broadleaf tobacco plants 





Date 


Treatment. inoculated. 


Results. 











Fresh virus spreyed upon leaves with an atomizer. . 3 4 mosaic, 

Virus rubbed upon trichomes cane 10 mosaic. 

Control. Inoculated with tap water ‘ee All healthy. 

Fresh virus sprayed upon leaves till moist Do. 

Fresh virus sprayed upon the leaves as in the pre- |... 8 mosaic. 
ceding test and the leaf surfaces then rubbed with 
a stiff brush. 

Leaf surface rubbed with cut end of petiole of a}... 10 mosaic. 
green mosaic leaf, 

One drop of fresh virus dropped carefully on one leaf.|...do.....| All healthy. 

One drop of fresh virus dropped on one leaf as in the |... I mosaic. 
preceding test and shed in at this point. 

Control. Leaf surfaces rubbed with cut end of peti- |... All healthy. 
ole of a healthy leaf. Dag 


| 











EFFECT OF ONE AS COMPARED WITH SEVERAL INOCULATIONS 


Various experiments have shown that infection is more likely to follow 
if the virus is inoculated into the plants at more than one point. As 
shown in Table III, the percentage of infection is highest in those tests 
where many inoculations have been made. 

It is rather interesting to note that, even though the virus be intro- 
duced into each plant of a series at many points, it is not unusual for 
some plants to escape infection. 
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TABLE III.—Effect of one inoculation as compared with several inoculations in young 
plants. Inoculations made with a needle, introducing the virus into each puncture 





Number | . : P | Date in- Per- 
of inocu- | Distribution of inoculations. inet x centage 
lati oculated. : 

ions. 


Number of plants 
inoculated. 





77 Maryland Mammoth.. 
76 Maryland Mammoth. . ..| 22 Mosaic... 
54 Maryland Mammoth. .| .| 6 mosaic... 
44 Maryland Mammoth. .| i | .-.d0....] 25 Mosaic... 


5 mosaic... 


| 
} 
| 
| 
| 


| 
103 Maryland Mammoth. | it 7 13 Mosaic... 
109 Maryland Mammoth.| 4 ...do....| 7% Mosaic... 


#, Gow generation hy- | .| 3 Mosaic.,.. 


| 
54 Maryland Mammoth.. | .| 45 Mosaic... 
so Connecticut Broadleaf.| 1 | In middle of one leaf near midrib.. 7mosaic.... 
Do In all the leaves.... +++} 50 Mosaic... 


Ons! in middle of one leaf near mid- c All healthy.. 


rib. 

Two in one leaf, one on each side |... 
midrib near middle. 

Two in one leaf, one in second at |... 
middle near midrib. 

Two in each of two leaves near |... 
middle, and one on each side mid- 


rib. 
In all the leaves ey rer awe 
With tap water in all the leaves |...do....| Allhealthy.. 
(control). 


One in one leaf x 3 Mosaic.... 

One in each of two leaves.. ole oO. oc ol S$ MOORIC.... 

One in each of three leaves. . ess] 3 Mosaic, 

One in each of four leaves ..do....| 8 mosaic. 

One in each of three leaves; two in |... 
a fourth. 

Two in each of three leaves........ 7 

Two in each of three leaves; one in |... 
a fourth. 

Two in each of four leaves Kee 

Two in each of four leaves; one in |... 
a fifth. 


One in one leaf 4 All ee 
One in each of two leaves ...do....] 3 Mosaic... 
‘Two in one leaf; one in a second leaf.|...do.... 4 mosaic. ay 
Two in each of two leaves ...do....] 5 mosaic. ... 
ss pean leaf; two in a second |...do....} 6mosaic,... 
ea! 
Two in each of three leaves 
Four in each of two leaves ; 
Five in one leaf; three in a second |... 
and two in a third leaf. 
In “a0 the leaves 


om TA USWKH 


0 RA USlwnH 




















THE QUESTION OF RESISTANCE TO MOSAIC DISEASE IN TOBACCO 
PLANTS 


In a series of plants, even though a large number of inoculations may 
be made in the leaves of each plant as nearly as possible in the same 
manner, a few plants may escape infection and remain free from the 
disease until maturity. 

Experiments have been carried out to determine whether such plants 
produce progenies which are more or less resistant to the disease. In 
one series 50 young Connecticut Broadleaf plants were inoculated at one 
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point in a single leaf. Fifty similar plants were also inoculated at 20 
points in several of the largest growing leaves. A very small percentage 
of the plants receiving a single inoculation became infected with the 
mosaic disease. In the series receiving 20 inoculations a few plants 
failed to become infected with the disease. Two plants which became 
infected from a single inoculation and five plants which remained free 
from the disease until maturity after 20 inoculations were allowed to 
produce seed. Seed of each plant was sowed separately, and a series 
of young plants from each mother was inoculated once in a single leaf. 
In these tests progenies of the mother plants which escaped infection after 
20 inoculations did not give any evidence of greater immunity to the 
mosaic disease than progenies from the mother plants which became dis- 
eased froma single inoculation. It is difficult to explain why some plants 
fail to become infected with the virus even after many thorough needle 
inoculations have been made. Other experiments have shown that even 
these apparently resistant plants may readily succumb to later inocula- 
tions, for if they are more resistant than others, it seems to be a resistance 
of a more or less temporary nature. Even in the field, where the mosaic 
disease is very widespread, a few plants may be found which escape the 
disease. Whether or not such plants have escaped infection, or are 
actually more resistant than others, can not be determined until experi- 
mental inoculations have been made. Investigations dealing with large 
numbers of plants along this line would perhaps throw light on the 
question of relative resistance of different individuals. 

Different individuals of the same strain may show different degrees of 
expression of the disease. One plant may show the mottled phase 
particularly well developed. A sister plant may show extreme stunting 
and the development of depauperate leaves and blossoms. These differ- 
ences appear to depend upon constitutional differences in individual 
plants rather than upon differences in the degree of virulence of the virus. 
Inoculation experiments indicate that the viius extracted from the 
slightly mottled plant produces essentially the same type of disease in 
young plants as is obtained from the virus of plants showing the most 
extreme stunting and malformation of the leaves. Individual differences 
in the expression of the disease in the same strain are probably analagous 
to those differences observed when plants of different gene1a of the 
solanaceous family become infected with the mosaic disease. 

Certain characteristics associated with the expression of the mosaic 
disease of tobacco are more or less dependent upon unfavorable condi- 
tions of growth. Plants showing the mottled phase in the field when 
transplanted to the greenhouse often develop depauperate leaves and 
blossoms. Although the blossoms may be beautifully mottled, it is very 
rare to find catacorolla showing in field plants, however badly they may 
be affected with the disease. When these plants are transferred to pots 
or beds in the greenhouse in the fall and are cut back severely, the most 
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extreme forms of malformation of the leaves and catacorolla frequently 
come into expression. The blossoms and leaves of healthy plants given 
the same treatment remain normal indefinitely. 


SUBSEQUENT DISTRIBUTION OF THE VIRUS OF MOSAIC IN INOCU- 
LATED LEAVES AFTER CUTTING THE MIDRIBS OR LATERAL 
VEINS . 


In February, 1914, a series of tests was made to determine the effect 
of severing the midrib or the lateral veins upon the subsequent distribu- 
tion of the virus in an inoculated leaf. In one series the midrib alone 
was carefully severed close to the base of the leaf blade (Pl. 63, leaf A). 

In a second series the lateral veins were cut in the same manner 
along either side of the midrib (PI. 63, leaf B). 

In a third series a cut was made close to the midrib from a point near 
the apex nearly to the base on one side of the leaf, thus severing all the 
larger lateral veins on this side (Pl. 63, leaf C). 

A sharp scalpel heated to redness was used for all cutting. This 
method not only insures complete sterilization of the instrument, but 
also serves to kill the tissues immediately in contact with the blade, thus 
searing over the freshly cut surfaces. After a brief wilting, turgidity is 
again established and growth and assimilation maintained, although more 
slowly, as would be expected (Table IV). 


TaBLE IV.—Effect of severing the midrib or lateral veins, following inoculation, upon 
the distribution of the virus in the plant 





Date 


Number of plants treated. Treatment. teeaten. 








13 Connecticut Broadleaf.| Inoculated at several points on b. 9 mosaic, Feb. 27-28. 
either side of midrib near apex of 
leaf. Midrib then severed at 
base (Pl. 63, leaf A). 
1o Connecticut Broadleaf. do oa 3 mosaic, Mar. 2-3... 
D Inoculated at several points near |... 5 mosaic, Feb. 26-28. 
middle of both halves of leaf near 
margins. Lateral veins then cut 
on both sides midrib from a 
point near apex nearly to base 
(Pl 63, leaf B). 
Inoculated at several points near |... First symptom, 
middle of one-half of leaf near Mar. 1-2. 
margin. This half cut away 
from midrib at a point near apex 
nearly to base (Pl. 63, leaf C). 
15 Connecticut Broadleaf.| Inoculated at several points near |... 6 mosaic, Feb. 25-27. 
apex of leaf only. “ 
ro Connecticut Broadleaf.| Control. Inoculated with healthy |... All healthy 
sap at several points near middle 
of one-half of leaf close to margin. 
Lateral veins cut as in leaf B, 
Plate 63. 
19 Connecticut Broadleaf.} Inoculated at several points near tr mosaic, Mar. 4-s.. 
apex, and midrib severed at 
ase, 
Inoculations made as in preceding |... ro mosaic, Mar. 4-s.. 
test, but midrib not severed. 

















@ About. 
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On February 25, 1914, five plants, three of which were White Burley 
and two Maryland Mammoth, were inoculated at the middle of one-half 
of a leaf near the margin and cut along the same side of the midrib as 
in leaf C, Plate 63. Five similar plants were inoculated in the same 
manner without cutting the leaf blade along the midrib. The disease 
made its appearance in these two lots of plants as follows: 


Series inoculated and cut along the midrib: 

Two White Burley plants became mosaic 11 days after inoculation. 

One White Burley plant became mosaic 14 days after inoculation. 

Two Maryland Mammoth plants became mosaic 18 days after inoculation. 
Series inoculated but not cut along the midrib: 

One plant remained healthy. 

One White Burley plant became mosaic ro days after inoculation. 

Two Maryland Mammoth plants became mosaic ro days after inoculation. 

One Maryland Mammoth plant became mosaic 18 days after inoculation. 


These tests are sufficient to show that cutting across the midrib or 
severing all the larger lateral veins on one or both sides of the midrib 
does not prevent the final dissemination of the virus from distant points 
of inoculation in the leaf to other leaves of the plant. Although it is 
possible that the virus dose not travel as rapidly following this treat- 
ment, the differences do not appear to be consistently and strikingly 
conspicuous. Even though cutting across the midrib near the petiole 


permanently interrupts the main vascular system of the leaf, yet multi- 
plication and diffusion of the virus from cell to cell, aided perhaps by the 
finely anastomosing lateral veins would sooner or later allow the virus 
to reach the petiole and pass into the rest of the plant. To what extent 
the virus of mosaic is carried directly through the vascular system, along 
with the transpiration stream is not known. 


REMOVAL OF THE VIRUS FROM THE HANDS BY THOROUGH WASHING 


In the following experiments the hands were covered with fresh virus 
before handling the plants. Each leaf of a series of 10 plants was then 
rubbed vigorously between the fingers. Following this treatment the 
hands were washed thoroughly several times with soap and water and 
wiped dry. The leaves of young, healthy plants were then rubbed 
between the fingers as before. The results in Table V show that this 
is a practical and efficient means of removing infection from the hands. 

4600°—17——3 
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TaBLe V.—Effect of washing the hands thoroughly with soap and water to remove the 
mosaic-disease virus. Inoculations made on January 31, 1916, with series of Io young 
Connecticut Broadleaf tobacco plants 





—— Treatment. Results. 





10 | Leaves rubbed and pinched between the fingers after | 10 mosaic. 
dipping the fingers in fresh virus. 
10 | Hands were washed with soap and water, but left wet. | 2 mosaic. 
Leaves rubbed and pinched as before. 
10 | Hands again thoroughly washed with soap and water and | All healthy. 
carefully dried. Leaves handled as before. 
10 | Hands again covered with fresh virus and leaves handled | 10 mosaic. 
as before. 
10 | Hands now thoroughly washed with soap and water and | All healthy. 
carefully wiped dry. Leaves handled as before. 
1o | Hands log deoet into fresh virus and leaves handled | 4 mosaic. 
as before. 
10 | Hands not washed but merely wiped dry. Leaves handled | 1 mosaic. 
as before. 
to | Plants inoculated with tap water, using a needle......... Do. 











SOIL STERILIZATION IN THE SEED BED AND THE OCCURRENCE OF 
THE MOSAIC DISEASE 


In the field the mosaic disease may make its appearance regardless 
of the type of soil or previous crop conditions. So far as soil infection 
is concerned, there seems to be no direct relation to previous outbreaks 


of the disease, either in the seed bed or in the field. As a matter of fact, 
thorough sterilization of the seed bed with steam does not necessarily 
control the occurrence of the disease in the field, as experiments carried 
out at Arlington, Va., in 1915, have shown. Mr. E. G. Beinhart, of the 
Office of Tobacco Investigations, contributes the following data relative 
to this sterilization: 

A bed was newly made on a clay soil. Over the clay a mixture of sand, peat, 
and compost was laid to a depth of 8 inches, and the fertilizers were worked in before 


steaming was begun. Steam was furnished by a road roller which gave an average 
pressure of 100 pounds, the range being from 80 to 125 pounds, 
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In these experiments the following temperature relations were obtained: 


TABLE VI.—Temperatures secured at Arlington, Va., in 1915, in five different parts of 
a tobacco seed bed sterilized with steam. Readings taken immediately after lifting the 
pan, as well as one hour later 





Temperatures obtained. 





Depth. | Reading taken. 





Surface........| Immediately after lifting pan. 
Do........| One hour later. . i 
Immediately after lifting pan. 
One hour later. . ; 
Immediately after lifting | pan : 
.| One hour later. . ’ 
Immediately after lifting pan : 
Do.........] One hour later. . ; 
to inches (sub- Immediately after lifting pan. : 
soil.) 


BIO a on ca ccc CE POON MII bc caciec ce ubons 




















At Mr. Beinhart’s suggestion some green mosaic leaves, freshly picked, 
were buried in the soil at a depth of 4 inches during the process of ster- 
ilization. Likewise, fresh mosaic virus, mixed in certain proportions 
with soil, was also buried to a depth of 4 or 5 inches at the same time. 
Inoculation tests made at once showed that the leaves which were cooked 
to the point of disintegration, had completely lost their infectious proper- 
ties, as well as the virus mixed with the soil. In control tests, the same 
virus mixed with soil in the same proportions, but not subjected to ster- 
ilization, remained highly infectious, as did unsterilized portions of green 
mosaic leaves from the same plants. 

Although these experiments with buried mosaic material indicate the 
thoroughness of steam sterilization, practically every plant obtained 
from these beds and set in the field at Arlington, Va., sooner or later 
became mosaic diseased. Late in the season the mosaic disease also 
made its appearance in the beds themselves at some points. The occur- 
rence of the disease in a thoroughly sterilized soil can not be reasonably 
explained on any other basis than that of infection reaching the plants 
from sources external to the soil. 


RELATION OF THE MOSAIC DISEASE TO INFECTION IN THE SOIL 


Although the mosaic disease is readily communicated to healthy plants 
by inoculation of the virus into the roots, the disease does not necessarily 
follow as a result of introducing large quantities of mosaic material into 
the soil so that the roots must ultimately reach it. Under such condi- 
tions the disease frequently does not occur at all, although in some 
experiments the buried, decomposing material still retained its infectious 
properties, as shown by inoculation tests. Infection from such material 
in the soil appears to depend upon injury to some portion of the root 
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system which allows the virus to gain an entrance at these points. Ex- 
periments have shown that the promptness and certainty of infection 
are greater when the green mosaic material is thoroughly mixed with 
the entire mass of soil just before transplanting than when it is buried 
carefully in the lower layers. The explanation seems to be that in the 
former case the injured roots of plants during transplanting are more 
likely to come directly in contact with infective material. In the latter 
case the injured roots are given an opportunity to heal before any por- 
tion of the extensive root system reaches the layers of mosaic material, 
and for this reason infection is greatly delayed, should it take place at all. 
Many healthy plants have been grown to maturity under these condi- 
tions, although an examination has shown that the roots have penetrated 
- every portion of the layer of mosaic material. In fact, owing to the 
availability of additional plant food through the decomposition of the 
mosaic material, the plants have generally shown greater vigor and a 
darker green color than control plants which received no vegetable 
material. 

In a long series of experiments the effect of replacing mosaic plants 
grown in 12-quart pails by young, healthy plants was studied. The 
results were rather uncertain and showed that healthy plants do not 
necessarily become mosaic, even though they immediately replace mosaic 
plants. In some instances several successive plants have developed the 
mosaic disease shortly after transplanting, followed by one or more plants 
which remained healthy. Here, also, immediate infection probably de- 
pends upon the fact that the injured roots of healthy transplanted 
seedlings in some instances happen to come directly in contact with some 
portion of the broken mosaic root system of the diseased plant just 
removed. 

It is quite possible that injury due to underground parasites may be a 
factor in facilitating root infection in the mosaic disease of tobacco. Dur- 
ing a series of pail experiments with plants grown in soil, to the lowermost 
layers of which chopped up mosaic leaves and stems had been added, 
the root systems of some of the plants became badly infested with 
nematodes. It is believed that their attacks were a factor in producing 
some of the infection which followed in these instances. Since it is 
known that the larval stages of tobacco flea-beetles feed upon the finer 
roots of tobacco and other solanaceous plants, it would be of considerable 
interest to know whether or not these parasites are able also to com- 
municate the disease from the root systems of mosaic to healthy plants 
in the field. 


BEHAVIOR OF NICOTIANA GLAUCA AFFECTED WITH THE MOSAIC 
DISEASE 


It was at one time thought that Nicotiana glauca is immune to the 
mosaic disease of tobacco. It is now known that this species does 
acquire the disease by artificial inoculation, although perhaps less readily 
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than do varieties of N. tabacum. The symptoms are confined to a sparse 
and indistinct mottling along the veins of some of the leaves. This 
mottling in some instances is too faint to be detected readily, except in 
transmitted light, and may be entirely wanting. This behavior of N. 
glauca is rather exceptional and has been the subject of considerable 
investigation. In February, 1914, a number of young, vigorous plants 
of that species growing in the greenhouse were inoculated repeatedly 
with the virus of the mosaic disease until most of them showed more or 
less evidence of developing disease. Eight of these, which showed more 
clearly defined symptoms, were finally tested by injecting the expressed 
sap of each into a series of plants of N. tabacum. The sap of all proved 
exceptionally virulent, producing in most instances 100 per cent of infec- 
tion in each lot of 10 plants. After the initial expression of the disease 
the symptoms gradually became more attenuated, until they were barely 
distinguishable. In July three of these plants were cut back severely 
and were immediately transplanted to the field. Growth was resumed, 
but no symptoms of the mosaic disease whatever could be detected. 
However, inoculation tests have shown that the sap of these plants con- 
tained the infective principle of the disease. In October these plants 
were again taken from the field and transplanted in the greenhouse for 
the winter. Although growth appeared normal and symptoms of the 
mosaic disease could not be detected with certainty, experiments have 
shown repeatedly that the infective principle of the disease was still 
present in the expressed sap. This behavior of N. glauca is not entirely 
without its analogy, since Baur,! working with infectious chlorosis of the 
Malvaceae, has found by grafting immune with susceptible sorts that 
the virus of the disease may pass into immune sorts of abutilon without 
producing any indications of disease. Baur is of the opinion, however, 
that the virus does not continue to live and to multiply in the infected 
immune plants after they have been severed from the diseased plants. 

Experiments have shown that when scions of the immune species, NV. 
glutinosa, have been grafted upon mosaic-diseased plants of N. tabacum 
the infective principle of the disease may pass into N. glutinosa without 
the subsequent development of symptoms of the mosaic disease. 

It has not been determined whether the infective principle continues 
to live and to multiply in such N. glutinosa plants after they have been 
separated from the mosaic diseased plants of N. tabacum. 

In the case of N. glauca it is evident that the infective principle, after 
being inoculated into the tissues of the leaves, propagates itself readily 
and becomes disseminated to all parts of the infected plant, producing 
systemic infection. 

Although it has not yet been shown that a permanent systemic infec- 
tion may occur in young growing plants of N. tabacum without the 





1 Baur, Erwin. UBER DIE INFEKTIOSE CHLOROSE DER MALVACEEN. In Sitzber. K. Preuss. Akad’ 
Wiss., 1906, Heft 1, 11-29. 1906. 
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expression of symptoms, it is known that the infective principle does 
not necessarily produce evident symptoms wherever it is found. If 
half-grown plants become infected with the virus of the mosaic disease, 
the younger leaves show symptoms of disease, while the lowermost 
mature leaves remain healthy in appearance. Such leaves may contain 
the infective principle, however, if sufficient time has elapsed for general 
or systemic infection to take place. 

Likewise, if nearly mature plants become infected, the corolla alone 
may show symptoms of disease. Subsequently all secondary branches 
become mosaic diseased, showing that the virus has migrated to all 
parts of the main stem, finally reaching and affecting new growing cen- 
ters. If such dormant plants are severely cut back, even to the ground, 
all subsequent sucker growth becomes mosaic diseased. 

In large, vigorous plants grown in the field systemic infection some- 
times proceeds gradually from branch to branch. This has been shown 
with large plants producing many suckers. In some instances the upper- 
most suckers were badly diseased, while others lower down on the stalk 
appeared normal in all respects. 

Although inoculation tests have shown that such suckers in some 
instances did not contain the active, infective principle at the time the 
sap was extracted, such suckers invariably become diseased sooner or 
later. 


TRANSMISSION OF THE MOSAIC DISEASE OF TOBACCO BY PLANT LICE 


It was first observed in the greenhouses at Arlington, Va., during the 
winter and spring of 1912 that plant lice were in some manner associated 
with outbreaks of the mosaic disease of tobacco. Experiments have 
since shown that the common and well-known green peach aphis, or 
spinach aphis (Myzus persicae Sulz.) may become an active carrier of 
the infective principle of the disease. These plant lice are very common 
in the greenhouse and may be found on a great variety of plants. In 
winter they multiply in great numbers upon tobacco plants and may 
even produce serious injury to these plants if allowed to multiply 
unchecked. 

Many colonies of these plant lice obtained from different sources have 
been studied in their relation to the transmission of the mosaic disease. 
Colonies have been found which have failed to produce infection in 
healthy tobacco plants. Such colonies have been obtained from bella- 
donna and cabbage plants, which are naturally immune to the disease. 
Colonies free from infection have also been obtained from healthy 
tobacco plants. On the other hand, experiments have shown that 
colonies obtained from mosaic-diseased tobacco plants may become 
very efficient disseminators of the infective principle of the disease. 

In one of the earlier experiments carried out during the winter of 
1912, a colony of Myzus persicae obtained from belladonna plants was 
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introduced upon young tobacco plants on January 18. These plant 
lice multiplied rapidly and remained upon the plants in great numbers 
throughout January, February, and March. On April 1 the plants 
were fumigated with the fumes of nicotine obtained by burning paper 
impregnated with nicotine to destroy the plant lice, which had stunted 
the plants severely. These plants were allowed to grow for several 
weeks longer and soon regained their normal green color. At the 
termination of the experiment none had developed the mosaic disease. 
A series of control plants of the same age, fumigated at intervals with 
nicotine fumes obtained as mentioned above to exclude plant lice, 
remained free from the mosaic disease throughout the period of the 
experiment. 

Other colonies of Myzus persicae infesting mosaic-diseased tobacco 
plants produced the disease in great numbers of young tobacco seedlings 
kept in screened cages. 

During the winter of 1915-16 additional experiments were carried 
out with colonies of Myzus persicae in the greenhouse at Arlington, Va. 
Colonies of these plant lice which proved to be free from infection were 
found, and many individuals were then transferred to the leaves of 
mosaic-diseased tobacco plants and allowed to multiply freely upon 
them. Individuals which had been reared upon these plants were 
then transferred with a fine camel’s-hair brush to 13 young, healthy 
Connecticut Broadleaf tobacco plants. Twelve of these plants became 
mosaic-diseased within five to six weeks, one plant only remaining 
healthy. At the same time 15 control plants, which were kept free 
from plant lice at all times, remained free from the mosaic disease 
throughout the experiment. 

In another series of experiments large numbers of Myzus persicae 
were again transferred from mosaic-diseased plants to two flats of very 
young tobacco seedlings. At the same time two similar flats were 
inclosed in screened cages and kept free from plant lice. Throughout 
the entire experiment the plants in these flats remained free from the 
mosaic disease. At the same time, however, great numbers of mosaic- 
diseased plants appeared in both flats which had been infested with 
plant lice transferred from the mosaic plants. 

These experiments indicate that the green peach aphid may become 
an active carrier of the infective principle of the mosaic disease of tobacco; 
and they also show that these plant lice do not become active carriers 
of infection until they have been associated with mosaic-diseased plants. 

Numerous experiments were also carried out in the greenhouse with 
a large, green species of plant louse, Macrosiphum lactucae Kalt., taken 
from lettuce plants. Colonies of these plant lice were confined upon 
mosaic-diseased tobacco plants and finally transferred from these plants 
at different intervals to very young, healthy tobacco plants. They soon 
established themselves upon the plants and multiplied so rapidly in 
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some instances as to produce heavy infestation, but in no instance did 
they produce infection in healthy plants. As a result of their infesta- 
tions, however, temporary disturbances of a striking character were pro- 
duced. Soon after these plant lice had begun to feed upon the young 
leaves, these became more or less curled and wrinkled, and rather large, 
conspicuous dark green spots came into evidence as a result of their 
punctures. This spotting, which only remotely resembled the mottling 
characteristic of the mosaic disease, was confined entirely to those leaves 
actually attacked, and disappeared soon after the removal of the plant 
lice from the plants. This disturbance more properly belongs to the 
class of disturbances described by Woods! as stigmonose, a term which 
he used to designate a more or less temporary and noninfectious patho- 
logical condition produced in carnations by plant lice and other insects. 

Colonies of the common pelargonium plant louse (Macrosiphum 
pelargonit Kalt.) were also transferred to mosaic-diseased plants and 
subsequently to healthy tobacco plants. This plant louse did not take 
kindly to tobacco, and colonies could not be maintained upon these plants 
or any length of time—perhaps owing to the fact that they did not feed 
upon the plants. Transmission of the disease was not obtained with these 
plant lice; nor were temporary disturbances of any kind produced. 

Under field conditions the large plant louse Macrosiphum tabaci Perg. 
appears to be an efficient carrier of the infective principle of the mosaic 
disease of tobacco. At the Arlington Experimental Farm during certain 
seasons this plant louse occurs in enormous numbers upon tobacco, 
tomatoes, datura, and other solanaceous plants. During the spring and 
summer of 1913 this species appeared suddenly, and swarmed upon these 
plants. Minor outbreaks have also occurred in subsequent years. There 
is strong reason for believing that the widespread epidemic of mosaic 
disease which affected tobacco, tomatoes, and datura during the season 
of 1913 at Arlington, Va., was associated with the presence of these plant 
lice. In late May and early June, soon after the young tobacco plants 
were transplanted to the field, colonies were found upon the undersides 
of the ground leaves of practically every tobacco plant in the field. 
These plant lice multiplied rapidly and remained upon the plants until 
early July. After this period they disappeared so completely from the 
plants that it was almost impossible to find a single individual in late July 
and August. In late September, however, heavy infestations were ob- 
served on tomato plants. 

This plant louse rarely occurs in the greenhouses at Arlington. Recent- 
ly seedling tobacco plants have been grown in screened cages out of doors 
and colonies of this plant louse taken from mosaic-diseased tobacco 
plants have been confined upon them for varying periods. Under these 
conditions successful transmission of the disease was obtained. 





1 Woops, A. F. sTIGMONOSE: A DISEASE OF CARNATIONS AND OTHER PINKS. U. S. Dept. Agr. Div. 
Veg. Physiol. and Path. Bul. 19, 30 p., 5 fig., 3 pl. 1900. 
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In several instances the plant louse Macrosiphum tabaci has become 
established in the seed beds at Arlington, and appears to have been asso- 
ciated with outbreaks of the mosaic disease which appeared in the 
infested areas. 

Under greenhouse conditions experiments indicate that plant lice may 
become important disseminators of infection. Experience has also 
shown that the occurrence and spread of the disease in the greenhouse 
can not be controlled so long as the plant louse Myzus persicae is allowed 
to multiply unchecked. 

If plant lice are excluded by fumigation, however, the occurrence and 
spread of the mosaic disease of tobacco becomes a negligible factor, pro- 
vided contamination of the plants in the process of handling does not 
take place. Although white flies (Aleyrodes vaporariorum Westw.) are 
also troublesome pests upon tobacco in the greenhouse, they do not 
appear to be actively concerned with the spread of the disease. Pre- 
liminary experiments with these insects, obtained from mosaic-diseased 
plants and confined upon healthy plants in screened cages, have also 
given negative results. Red spiders (Tetranychus telarius L.), which do 
not take kindly to tobacco, have given the same results. 

Although in the United States plant lice do not appear to be especially 
troublesome pests on tobacco in the field, it appears that they sometimes 
cause serious injury to tobacco in Europe and elsewhere. Preissecker * 
states that during some seasons they fairly cover the leaves of tobacco 
plants and produce far more injury than is usually estimated. It is 
especially interesting to note that Preissecker' has also observed that the 
mosaic disease of tobacco is associated with attacks of plant lice.. 

Die von Blattlausen verwundeten Blatter sind begreiflicherweise spater gewohnlich 
auch von anderen Krankheiten (Pilzen, Mosaik- und Pockenkrankheit) viel mehr 
heimgesucht als die unbeschadigten, und es ist deshalb von allem Anfange auf die 
Entfernung und Fernhaltung der Blattlause ein besonderes Augenmerk zu richten. 

Preissecker again discusses the widespread occurrence of plant lice 
upon tobacco in the Imoskaner region in a later article? and mentions 
that the species Myzus plantaginis Pass. is very common on tobacco in 
Dalmatia. Other species are also mentioned. He states that plant lice 
are especially injurious to young plants in the seed bed. Concerning the 
abundance of plant lice upon tobacco in the field, he? says: 

Im Jahre 1903 gab es von Anfang Juni bis zur Ernte Blattlause auf Tabak im ganzen 
Imoskaner Bezirke; man traf Pflanzungen in denen jeder Stock on allen Mutter- 


und- Spitzblattern, u. zw. meist auf beiden Seiten derselben, von den Lausen so 


dicht besetzt war, dass sie hier und da iibereinander kriechen mussten, um Platz zu 
finden... . 





} PREISSECKER, Karl. EIN KLEINER BEITRAG ZUR KENNTNIS DES TABAKBAUES IM IMOSKANER TABAK- 
BAUGEBIETE. Jn Fach. Mitt. Oesterr. Tabakregie, Jahrg. 3, Heft 2, p. 1-31, 19 fig. 1903. 

? PREISSECKER, Karl. EIN KLEINER BEITRAG ZUR KENNTNIS DES TABAKBAUES IM IMOSKANER TABAK- 
BAUGEBIETE. Jn Fach. Mitt. Oesterr. Tabakregie, Jahrg. 5, Heft 1, p. 1-44, fig. 41-75 (1 pl.). 1905. 
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Although Preissecker casually observed that there was some relation 
between the presence of plant lice upon tobacco plants and the subsequent 
occurrence of the mosaic disease, it does not appear that he looked upon 
them as actual carriers of the infective principle of the disease. 


SUMMARY 


(1) The virus of the mosaic disease of tobacco is present in the trichomes 
of the leaves, as well as in the tissues of the lamina. The disease may be 
communicated to healthy plants by inoculating the virus into the 
trichomes alone. 

(2) The infective principle of the disease does not readily invade un- 
injured trichomes or leaf tissues when merely sprayed upon the plants. 
Infection readily follows when the virus is sprayed upon the leaves and 
subsequently rubbed in. 

(3) Infection is more likely to follow if the virus is inoculated into the 
leaves at more than one point. 

(4) Cutting across the midrib at the base of the leaf, or severing all 
the larger veins on one or both sides of the midrib, does not prevent the 
final dissemination of the virus from distant points of inoculation in the 
leaf to other leaves on the plant. 

(5) Thorough washing with soap and water serves to remove the 
virus from the hands for all practical purposes. 

(6) Thorough steam sterilization of the soil of the seed bed completely 


destroys any virus of the mosaic disease of tobacco which may be present 
in the soil. 


(7) The mosaic disease of tobacco does not necessarily follow when 
large quantities of mosaic-diseased material are introduced into the soil 
so that the roots of healthy tobacco plants must ultimately reach it. 
Infection from such material appears to depend upon injury to some 
portion of the root system which allows the virus to enter at these points. 
It is possible that root parasites may sometimes produce this injury to 
the roots and root hairs. 

(8) The species Nicotiana glauca is susceptible to the mosaic disease of 
tobacco, although visible symptoms of the disease may be very slight. 
The sap of such plants, although apparently but little affected by the 
disease, so far as visible symptoms are concerned, is highly infectious to 
healthy plants of N. tabacum. 

(9) Some species of aphids may become active carriers of the infective 
principle of the mosaic disease. Experiments have shown that the green 
peach aphis (Myzus persicae) may become an active carrier of infection 
in the greenhouse, after it has been feeding upon mosaic-diseased plants. 
Not all species of aphids appear to transfer the disease with the same 
readiness. Negative results were always obtained with the large lettuce 
aphis, Macrosiphum lactucae. Under field conditions the large plant 
louse Macrosiphum tabaci which sometimes becomes very common on 
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solanaceous plants, appears to be an efficient carrier of the infective 
principle of the disease. 

(10) Red spiders, which rarely attack tobacco in the greenhouse have 
consistently given negative results so far as the transmission of the 
disease is concerned. White flies, which are often very troublesome 
pests upon tobacco in. the greenhouse, do not appear to be actively 
concerned with the transmission of the disease. 








PLATE 63 


Leaves of tobacco showing method of severing the midrib and lateral veins in study- 
ing the distribution of the virus from the point of inoculation. Leaf A, midrib severed 


at base. Leaf B, lateral veins on both sides of midrib severed. Leaf C, lateral veins 
on one side of midrib severed. 


(632) 
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A STUDY OF THE PROTEINS OF CERTAIN INSECTS 
WITH REFERENCE TO THEIR VALUE AS FOOD FOR 
POULTRY 

By J. S. McHarcug,! 


Assistant Chemist, Laboratory of Chemical Research, Kentucky Agricultural Experiment 
Station 


In view of the present high cost of living, it is well to discuss and to 
consider seriously the utilization of every available source of sound animal 
protein, even though such proteins may have hitherto been looked upon 
as of not enough economical importance to warrant their utilization. 

The object of this paper is to call attention to the efficiency of animal 
proteins as compared to vegetable proteins, and also to show by com- 
parative analyses that two very common insects contain proteins which 
are very similar in character to those contained in the proteins of the 
higher animals which furnish a large part of our food supply. 

Within recent years wonderful progress has been made in our knowl- 
edge of the character and properties of proteins. Formerly it was 
assumed that all proteins were of equal value in maintaining nitrogen 
equilibrium, regardless of whether such proteins were of animal or vege- 
table origin. 

Thomas (2),? who was a pupil of Rubner, was the first to demonstrate 
experimentally the fact that animal proteins are much superior to vege- 
table proteins in maintaining nitrogen equilibrium in the animal body. 

In order to demonstrate this fact, he performed the following classical 
experiment on his own body. In his diet he took large quantities of 
starch and sugar, and determined the minimum loss of protein under 
these conditions. He then took meat protein in an amount equivalent 
to this minimum quantity destroyed and found that if the food was 
divided into six portions, taken four hours apart, there was no loss of 
body protein. His experiments were carried still farther, and he showed 
the relative biological values of proteins of different origin. The following 
list shows the minimum amounts of different proteins required to protect 
body protein from loss: 


Meat protein 

Milk protein 

Rice protein Indian corn protein........... 
Potato protein 





1 The writer begs to acknowledge his indebtedness to the late Dr. J. H. Kastle, who was much interested 
in nutrition problems and had suggested a study of the proteins of the grasshopper. 
* Reference is made by number to “ Literature cited,’’ p. 637. 
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He also states that there can be no doubt whatever as regards the 
superior value of the proteins of meat, fish, eggs, and milk over those of 
bread, beans, and Indian corn. The proteins of rice and potatoes hold an 
intermediate position. 

The difference in the efficiency of animal versus vegetable proteins is 
further demonstrated by most wild animals in their natural selection of 
food. It is well known that all wild animals of the cat species live alto- 
gether on animal proteins. A recent investigation by the United States 
Biological Survey (1) in regard to the character of the food consumed 
by the wild birds of this country reveals the very interesting fact that 
an average analysis of the contents of the craws of 14 species of wild 
birds shows that approximately 50 per cent of all the food consumed in 
a year’s time consisted of animal matter in the form of insects. If the 
fact that insects are only available for about six months of the year is 
taken into consideration, it is to be assumed that the diet of the wild birds 
consists almost entirely of animal protein during the season in which 
insects are available. It is also to be noted in this connection that the 
parent birds feed their young on a purely animal diet, thus exhibiting a 
wonderful instinct in the selection of a food that is most efficient for the 
rapid growth of their young. The avidity with which domestic fowls, 
when allowed to range, seek insect food is familiar to all, and it is a well- 
known fact that poultry thrive best when they have access to this kind of 
food. 

After noting these phenomena in the selection of food by both wild and 
domesticated birds, it is only natural to inquire whether there is any 
chemical evidence as to the nature of the proteins contained in the 
various insects which will substantiate the birds’ instinctive selection of 
this particular kind of food. 

Through the recent researches of Osborne and Mendel (3-5) of Yale 
University and the Connecticut Experiment Station, it has been con- 
clusively shown that the growth-promoting properties of certain proteins 
are due to the presence of that kind of protein which is capable of yield- 
ing upon hydrolysis the amino acids lysin, cystin, and tryptophane. 
Then, if the instinct of the bird in its selection of its food is a true guide, 
we would expect a protein analysis to show a considerable amount of 
these growth-promoting amino-acid groups present in this type of food. 

In fact, protein determinations made by the writer on two common 
insects, the June bug (Lachnosterna sp.) and the grasshopper (Melan- 
oplus spp.), showed such a large percentage of protein present in the dry 
state that a further study of the character of the proteins present, as 
revealed by the Van Slyke method for protein hydrolysis, was carried 
out. The results obtained are shown in Table I, under the proper head- 
ings, together with the results obtained by the same method of analysis 
on a very tender piece of cooked beef roast and the cooked tender white 
breast meat of a turkey. The specimens of beef roast and turkey were 
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selected for comparison because they represent the more common higher 
types of animal proteins. 


TaBLE I.—Percentage of amino-acid groups in animal proteins from different sources 





Grass- 


Turkey 
hoppers. 


Group. white meat. 


June bugs. | Beef roast. 





Pe eee 9. 14 8. 96 3-27 
Melanin nitrogen 3. 42 6. 78 5. 22 
Arginin nitrogen 14. 98 II. 53 15. 44 
PEIN ATONE. «05 55 oece tcsvcscccqess 5. 62 6. 57 13. 34 
Cystin nitrogen - 23 -35 . 49 
Lysin nitrogen 8. 04 ‘ 8. 40 
Amino nitrogen (in filtrate from bases)... 52. 87 . 40. 89 
Non-amino nitrogen (in filtrate from 








4. 32 . 9. 38 














As a whole, the results show considerable similarity for proteins vary- 
ing so widely in their sources of origin. The chief points to be taken into 
consideration in an analysis of this kind, as showing important points 
in similarity or differences, are the four amino-acid groups, arginin, 
histidin, cystin, and lysin. In the arginin determinations very closely 
agreeing results have been obtained on each of the different proteins 
analyzed. In the histidin determinations there is considerable variation. 
The result for this group in the first and second analyses is one-half of 
that in the third and one-third of that obtained in the fourth analysis. 
Figures for the cystin group show an increase of one-half in the second 
analysis over the first, and more than twice as much in the third and 
fourth analyses as in the first. The determinations in the lysin group 
show a remarkably close agreement in all the analyses. In the light of 
our present knowledge this is by far one of the most important groups 
contained in proteins, from the standpoint of growth and nutrition. 

For the purpose of showing further points of interest in connection 
with the grasshopper the following work was carried out: 

On September 23, 1916, about 200 gm. of grasshoppers were caught, 
killed by means of potassium cyanid, dried at 100° C. until free from 
water, ground in a mortar, and placed in a ground-glass-stoppered bottle. 
With the exception of the opening of the bottle for weighing out por- 
tions for protein, fat, and mineral-constituent determinations, the material 
has remained in the laboratory unmolested until the present time. A 
protein determination made recently on the same material after stand- 
ing in the laboratory in this condition for seven months shows that there 
has been no alteration in the protein content during this period of time, 
which demonstrates that the dry material can be kept indefinitely. 
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The following determinations were made on the moisture-free material: 


Fat (ether extract) 
Ash (crude) 


Iron oxid (Fe,0,) 
Manganese oxid (Mn;0,) 
Calcium oxid 
Magnesium oxid 
Potassiurn oxid 

Sodium oxid 
Phosphorus pentoxid 
Sulphur 

Car 


From the results obtained in the analysis of the water-free substance 
it is to be observed that the dried remains of grasshoppers contain a 
high percentage of valuable protein and also notable amounts of fat, 
phosphorus, and potassium. 

At different periods in the world’s history this insect has occurred in 
such great numbers as to make it necessary to provide means for its 
immediate destruction. Whiting (8) describes a plague of locusts or 
grasshoppers which occurred in Palestine in the summer of 1915. He 


characterizes this plague as being one of the greatest of all grasshopper 
plagues on record, both in regard to numbers and to the amount of 
destruction done. The following paragraph is taken from his article 


(8, p. 513): ’ 


Quantities were now gathered by the poorer Bethlehemites. A fewate them roasted, 
describing the taste as delicious, especially the females full of eggs. Still the main 
reason for collecting them was in order to secure the small bonus offered by the local 
government of Bethlehem. Thus tons were destroyed, being buried alive till several 
ancient abandoned cisterns were filled, while in surrounding villages each family 
was required to produce a stipulated weight. Likewise in Jaffa they were destroyed 
by being thrown into the Mediterranean, and when washed ashore dead and dried on 
the beach, were collected and used as fuel in the public “Turkish baths’’ and ovens. 


While there has never been such a plague in this country as the one 
just described, grasshoppers have been known to occur in such numbers 
as to make it necessary to provide means for their control (6). Walton (7) 
in a. bulletin of the United States Department of Agriculture, cites 
instances where as many as 3 bushels of grasshoppers have been har- 
vested per acre by means of a mechanical device known as the grass- 
hopperdozer. It is quite probable that in many instances with suitable 
machinery for catching, drying, and grinding these insects they might 
afford a new source of a high-grade protein in all respects the equivalent 
of meat meal, which could be made to serve an economical use in the 
affairs of man, such as preparing balanced rations for swine, poultry, and 
other live stock. 
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June bugs, while containing a slightly greater amount of protein than 
the grasshopper, and of equal value, could not be made an economical 
source of protein because of their limited number and the short time in 
which they are available. 

From the data herein contained we may draw the following con- 
clusions: 

(1) That the instinct in wild and domesticated birds which guides 
them in their natural selection of the most efficient food is confirmed by 
the high lysin content found in the insects thus far examined. 

(2) That grasshoppers deprived of their moisture contain a higher 
protein content than commercial meat meal, and in all probability 
could be made an efficient substitute therefor. 
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WIND-BLOWN RAIN, A FACTOR IN DISEASE 
DISSEMINATION 


By R. C. FauLwerrter, 


Associate Botanist and Plant Pathologist, South Carolina Agricultural Experiment 
Station 


INTRODUCTION 


In an earlier article ' the author presented data from field experiments 
which lead to the conclusion that the spread of that disease was due to 
the combined action of wind and rain. It was also shown that the 
spread of similar diseases of plants affecting the leaves, flowers, fruits, 
and twigs, caused by motile bacteria had not been satisfactorily ex- 
plained by investigators, while nothing in the literature on the subject 
precluded the possibility of such an explanation applying equally as 
well in these cases. Numerous statements appear which permit a very 
general application of this explanation. 

The film of water over the surface of the affected leaves caused by 
dew contains viable bacteria which emanate from the lesions, as was 
demonstrated by several experiments, and it was held to be reasonable 
that this condition would exist during rains. The spread of such a 
suspension of bacteria by the combined action of wind and rain most 
plausibly explained the dissemination of the disease noted in the field. 

Experiments have been conducted with the object of analyzing this 
agency of disease dissemination, and, so far as the results of laboratory 
tests permit application to natural and field conditions, added support 
to the earlier conclusions has been the result. The method and the 
results of these experiments in which the influence of size of drops, 
distance of fall, depth of surface film, elevation and inclination of sur- 
face film, and motion of the air upon the distance of splash have been 
studied are presented here, together with a consideration of the impor- 
tance of this agency of disease dissemination, which is justified by the 


newer information. 
METHOD AND APPARATUS 


Several drawn-glass droppers of different diameter were made and 
fitted separately to a burette having a glass stopcock. The diameters 
were such as permitted drops of 0.02, 0.04, 0.06, and 0.1 c. c. in volume 
to fall. Such surfaces as dry glass plates, dry blotting papers, wet glass 
plates, saturated blotting papers, and water 1 cm. deep in a petri dish 
were used and in this way the results of the fall upon a dry impervious 
surface, a dry porous surface, a very thin film of water (such as would 





! FAULWETTER, R.C. DISSEMINATION OF THE ANGULAR LEAFSPOT OF COTTON. In Jour. Agr. Research, 
v. 8, ne. 12, 457-475, 2 fig. 1917. Literature cited, p. 473-475. 
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remain over a saturated piece of blotting paper), a medium layer of 
water (such as would remain upon a clean, level glass plate) and a very 
thick layer of water (as that in a petri dish) were observed. 

In the earlier work a large pane of glass ruled with a series of con- 
centric arcs varying successively, 2 inches in radius, similar though on a 
much larger scale to the Jeffers counting plate used in bacteriological 
laboratories, was used to determine the number and position of the 
splash drops. Later two such panes of glass placed end to end were 
used and these afforded a total distance of 114 inches, which served all 
needs until the wind factor was introduced. At the latter stage of the 
work acetic acid was applied to the point of impact by a finely drawn 
siphon and with neutral or slightly alkaline litmus blotters 6 inches 
square placed in the path of the wind the limits of splash were easily 
determined. ; 

The level surface used at the plane of the counter was supported upon 
two strips of glass placed across a small tray. When inclined surfaces 
were used, or the level surface elevated above the counter, a glass plate 
was placed in a clamp and fastened to a ring stand. ‘The level plates 
were adjusted with a spirit level and the inclined ones were placed at 
definite angles to the level plate, as is noted below. ‘The blotting paper 
surfaces were always placed upon a glass plate whether used dry or wet, 
level or inclined. 

NATURE OF A SPLASH 


A single drop falling 12 inches onto a clean dry glass plate does not 
cause a splash. This was repeated 100 times with each size of drop 
with the same result. The same is true of a drop falling 24 inches, 
while at 48 inches the largest drop (0.1 c. c.) did break in a few instances 
and scatter splash drops over the counter. When, however, two drops 
fall consecutively upon the same spot, even the smallest (0.02 c. c.) 
will cause a splash when falling but 12 inches. 

This experiment, repeated with pieces of dry blotting paper, gave the 
same result in the case of single drops, though with the largest drop 
falling 12 inches an increasing number of splash drops appeared after 2, 
5, and ro drops were allowed to fall upon the same place, showing that 
the nearer saturated the blotting paper became, the more water became 
available in the surface film, and this was broken up and scattered by 
the impact of the falling drops. 

A dilute eosin solution was applied to the surface of the glass plate 
and the saturated blotting paper in many of the experiments, and in all 
such cases the stain appeared upon the counter. When acetic acid was 
supplied to the plate at the point of impact as mentioned above, one 
never failed to note the change of color of the litmus paper where splash 
drops fell upon it. 

These facts justify the conclusion that the splash drops scattered from 
the point of impact of a falling drop are made primarily of the water 
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composing the surface film at the point of impact. Perhaps in some 
cases water of the fallen drop is scattered, but the greater part of it 
remains as a part of the surface film and is splashed by succeeding drops. 


NUMBER AND DISTRIBUTION OF SPLASH DROPS 


While it was a relatively simple process to find the distances of those 
splash drops scattered farthest over a quadrant of a circle on the counter 
which was used, it was difficult to obtain an accurate count of the total 
number of splash drops in this way. In every instance many of the 
smaller drops, varying from a sixteenth of an inch in diameter to zero, 
evaporated before the count could be completed. Finally, to determine 
this point, the acetic-acid and litmus-paper method was resorted to. 
Five 0.02-c. c. drops falling 16 feet upon a glass plate covered with a 
solution of acetic acid scattered 495 drops over an eighth of a circle 
between 2 and 24 inches from the point of impact. When calculated, 
these figures show that each drop of that size falling that distance broke 
off and scattered 795 drops over a circle with a 24-inch radius. 

The distribution of these splash drops is given in Table I, and it will 
be noticed that the modal class or distance is between 4 and 6 inches; 
yet the mean distance when determined is 7.1 inches. 


TaBLE I.—Number of splash drops in concentric circles of varying radii, with the deter- 
mination of the mean distance of all the drops 





Drops between circles of given 


radii Calculation of the mean distance. 





| 7 
Number of | Distance of the 


drops. class. Product. 





Inches. 
32 32 
824 2,472 
I, 008 5» a 
5) 
472 4, 248 
384 4, 224 
288 39 744 
96 I, 440 
16 272 
32 608 
8 168 
16 | 368 




















| 
3976 | 28, 216+-3,976=7.1 inches, mean. | 





A reproduction of the distribution of these drops is given in figure 1, 
showing the relative distances and orientation more satisfactorily than 
that of the foregoing table. A fact prominent in this phase of the work 
is the presence of the larger splash drops at the extreme distances. 
The smaller ones are more abundant near the point of impact. With- 
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Fic. 1.—Graph showing the number and distribution of splash drops from five 0.02-c. c. drops falling 16 
feet upon wet glass plate over an eighth of a circle. 
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out doubt all are cleaved from the surface film at the same time, and 
all leave the point of impact with the same energy. The only explana- 
tion for the presence of the larger drops at the greater distances must 
lie in the difference in resistance offered by the atmosphere, since the 
smaller drops would experience greater relative resistance than the 
larger ones. 


SPLASH FROM A HORIZONTAL SURFACE AT THE LEVEL OF THE 
COUNTER 


The greatest distance of splash results from the fall of the largest drop 
onto the thin film of water afforded by the wet blotting paper when 
falling 12 inches. Other things being equal, the distance of splash 
varies as the size of the drop varies, though not in direct proportion. 
With drops of each size, respectively, the distance of splash is greater 
from the wet glass plate than from the water in the petri dish. 

The same relation exists in all the tests made with the drops falling 
24 and 48 inches, with the exception in the latter case, where the distances 
from blotting paper and the glass plate were equal in two instances. 
With the tests made at greater heights, 8 and 16 feet, the thick layer of 
water in the petri dish was eliminated, since such a factor has no place 
in the application of the work to field conditions and since the relation 
of a deep layer of water to the other layers used had been satisfactorily 
established. 

The figures given in Table II represent the extremes of splash in inches 
under each of the various sets of conditions and in general show the 
relation between size of drops, distance of fall, and thickness of surface 
film in the determination of this distance. The mean distance of all 
the splash drops farther than 6 inches resulting from the 1-, 2-, and 4- 
foot falls and the average of the extremes of each of 50 single drops fall- 
ing 8 and 16 feet present the same relation of factors. 


TABLE II.—Distance (in inches) of splashes, giving the maximum, mean, and average of 
the maximums in 50 trials 





= ing Surface of impact. Maximum. » Ra 4 





Distance of fall .... feet .... 





Blotting paper 
Glass plate 
Petri dish 


Blotting paper 
Glass plate 
Petri dish 
Blotting paper 
Glass plate 


Blotting paper 
Glass plate 
Petri dish 
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SPLASH FROM AN ELEVATED HORIZONTAL SURFACE 


The total impetus of the splash drop is not expended in the experi- 
ments described above as is shown by the results obtained when the surface 
of impact is elevated above the counter. These observations were made 
with drops falling 16 feet upon a glass plate and a wet blotting paper sur- 
face elevated 24 inches above the counter, and the results are tabulated 
in Table III. In the case of the 0.02-c. c. drop falling onto the glass 
plate data are given for elevations of 3, 4, and 7 feet. 


TABLE III.—Distance (in inches) of 7 from horizontal surfaces, drops falling 
16 feet 





Surface of impact Maximum distance after many (100+) 


drop. drops had fallen. 





Elevation of surface above counter 
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SPLASH FROM AN INCLINED SURFACE 


The orientation of the splash drops from a glass plate inclined 45° at 
the level of the counter differed from those from the level plate. With 
the semicircles of the counter divided into one central quadrant and two 
bordering octants and the centers coinciding with the point of impact, 
the splash drops arranged themselves in greatest numbers over the 
octants at the sides. Fewer drops fell just within the limits of the quad- 
rant, while more fell along the median line. The latter never attained 
the distance of those at the sides. When leaving the point of impact, 
they ascend very little, if at all, but travel outward and downward. 
Those going to the sides ascend at first and then fall, similarly to the 
splash drops from a level surface. 

As in this case, too, the total impetus is not expended when the surface 
is at the level of the counter. With the elevation of the inclined surface 
the net result of the glancing blow of the falling drop is observed. Those 
splash drops traveling along the median line of the counter—that is, at 
right angles to the inclined surface—increase in extreme distance until 
the optimum elevation is reached, where they exceed the distance of 
those going to the sides. The results of the 0.02-c. c. drop falling 16 
feet upon the glass plate level and inclined 30° and 45° at various eleva- 
tions above the counter are given im Table IV. It is to be noted that 
the maximum distance of splash is least from the level plate and greatest 
from that inclined 30°. 
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TaBLE 1V.—Maximum distance (in inches) of the splash of a 0.02-c. c. drop falling 16 
feet upon level and inclined wet glass plates 
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EFFECT OF WIND UPON DISTANCE OF SPLASH 


As mentioned above, the methods of the experiments were altered 
when wind was introduced into the work. An 18-inch electric fan was 
standardized with a wind gauge. While running at its greatest speed, the 
air was moving at the approximate rate of 10 miles per hour, 5 feet from 
the fan. In the experiments conducted, the fan was placed 5 feet from 
the surface of the splash, which itself was elevated 3 feet above the floor. 
Drops were permitted to fall 16 feet onto a clean glass plate which was 
very slightly inclined, in order that the surface film might be relatively 
thin. Dilute acetic acid was supplied to the plate near the point of 
impact by a siphon from a reservoir. In this way the falling drop scat- 
tered a solution of acetic acid and the wind blew these splash drops at 
the approximate rate of 10 miles per hour. The velocity of the wind 
was being constantly retarded by friction with the surrounding quiet 
air, and in this respect the extreme distance of splash was less than it 
would have been had the whole air mass been moving at the same rate. 
Litmus blotters were placed upon the floor at distances of 6, 8, 10, 12, 14, 
16, and 18 feet from the point of impact in the path of the wind. After 
an hour’s running the blotters at 6 and 8 feet were almost entirely red, 
those at 10, 12, and 14 feet were well spotted with red, while that at 
16 feet showed several, and at 18 feet two red spots. Thus, it is evident 
that water was blown as far as 18 feet under the conditions of this ex- 
periment. 

It was noted above that the larger splash drops exceeded the distance 
of the smaller splash drops. This does not obtain when the splash 
takes place in the wind, since the direction of atmospheric resistance is 
altered, and the smaller drops are borne farther than the larger, heavier 
ones. Considering the fact that splash drops vary in size from 1% inch 
in diameter to zero, the smallest ones may be carried correspondingly 
greater distances than the larger. These, without doubt, evaporated 
in transit in our experiments because of the dry atmosphere in the lab- 
oratory. In a humid atmosphere it is possible these may be carried 
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farther. Continual collisions between splash drops and rain drops 
occur in the field, and because of this many of the former may never 
reach their extreme distance at the prevailing wind velocity, though, 
without doubt, some of them will exceed the distance determined in the 
laboratory. 


COMPARISON OF THESE METHODS WITH NATURAL CONDITIONS 


It may be true that there are points in the discussion of these experi- 
ments where the justification for comparison is less than in others, yet 
on the whole, the results indicate the probabilities which exist, and these 
probabilities confirm the conclusions reached in the field where the 
spread of the angular leafspot of cotton was observed. An analysis 
of all the factors in their resemblance to natural conditions is made, in 
order to remove whatever doubt may exist on this point. 

The drops of the sizes used afford a means of comparison of the effect 
of size and volume of drop on the number of splash drops and the distance 
of splash. It is recognized that the larger drops used are much larger 
than raindrops, yet the smallest one comes well within the limits of 
those in a winter rain where comparisons were made. It was found 
that drops of the same volume falling equal distances upon dry blotting 
paper cause wet spots of relatively equal sizes—that is, 25 of the 0.02- 
c. c. drops falling 16 feet made spots on the blotting paper with a mini- 
mum diameter of 14 mm., a maximum of 18 mm., and an average of 
16.03 mm. ‘The 0.04-c. c. drop made a spot with a minimum diameter of 
19 mm., a maximum of 25 mm., and an average of 21.08 mm. Of 106 
drops measured during a rain on the morning of February 20, 1917, 
fourteen drops were within the limits of the 0.02-c. c. drop as measured 
and compared in the way outlined above. Those of a summer rain have 
a greater average volume so that they more closely equal the size of the 
0.02-c. c. drop used. It is only this drop which is compared to rain- 
drops, though the others used show the variation in the results due to the 
variation of this factor. 

None of the surfaces used can be closely compared with those of cotton 
leaves, though that condition is approximated most closely by the 
inclined glass plate. In that case the glass surface holds a film of water 
thicker than the blotting paper does and thinner than that of a level 
plate. There are places about the margins and veins of leaves where 
water gathers to greater depths than over the other parts,so that a 
variation of depth of film exists which is approximated by some one or 
another film used. 

The stability of the surface of impact in the experiments is a factor 
which does not exist in the field. Leaves during a storm are constantly 
in motion and the petiole affords a springlike support which permits 
the leaf to yield after the impact of a drop. There are numerous in- 
stances also in which the leaves meet the falling drop while moving 
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toward it in the wind and increase the force of impact, in that way 
increasing the number of splash drops and distance of splash. 

The greatest distance of fall (16 feet) was the highest available in the 
laboratory. The smallest drop used had probably reached its maximum 
velocity when falling this distance. If the distance of splash as a meas- 
ure of the force of impact is an indication of the velocity of the falling 
drop, this is true, as is shown in Table II, where the distance of splash at 
4, 8, and 16 feet from blotting paper and glass plates are relatively the 
same. This conclusion supports our measurement of raindrops as com- 
pared to the 0.02-c. c. drop, since the atmospheric resistance retards an 
acceleration of velocity beyond a definite maximum, and both our 
0.02-c. c. drop and the raindrops had reached this maximum when they 
were measured. 

The influence of the wind was not further investigated because of the 
limited apparatus available. The fan used produced a velocity of 10 
miles per hour at a distance of 5 feet. It was thought best to keep 
that far from the fan because of the small size of the air cone in motion 
nearer it. At the distance used, all the air surrounding the surface 
of impact was moving uniformly and the conditions were most favorable. 
When it is noted that the distance of splash was increased by such a 
wind velocity to 18 feet and that this velocity is almost a constant 
feature of the summer thunderstorms of this region, it is readily seen 
that this distance of splash is not to be unexpected in the field. In 
the graphs in the article already cited ' it is shown that— 
the wind reaches a velocity of 25, 29, and 35 miles per hour during periods in the 
storms when rain is falling heavily and after the foliage has been wet for some time. 

While it has not been determined, it is most probable, all things being 
considered, that the distance of splash will vary directly with the wind 
velocity. If water is splashed 18 feet by a wind blowing 10 miles per 
hour, it will splash approximately 50 feet at 30 miles per hour. 

The elevation of the surface of impact in the experiment in which 
the effect of the wind was observed was 3 feet, and this is entirely within 
the range of the height of cotton leaves, many being higher than this dur- 
ing the latter half of the season. It is shown in Table III that the splash 
drops from the 0.02-c. c. drop falling 16 feet reach their maximum dis- 
tance at this elevation in a still atmosphere. 


CONCLUSIONS 


It has been shown by experiment that water is splashed by a falling 
drop only when it falls upon a film of water, and it is the water of the 
film which composes the splash drops. The distance of the splash varies 
according to the size of drop, depth of surface films, elevation and inclina- 
tion of surface of impact, and the velocity of the wind. Field condi- 
tions have been duplicated with sufficient accuracy to justify the con- 





1 FAULWETTER, R.C. Op. cit., p. 46s. 
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clusion that these facts hold true in the field during any rainfall; and, 
in view of my previous experiments showing the emanation of motile 
bacteria from lesions into the surface water film, their dissemination is 
the natural result. 

It was stated in the paper cited above’ that— 


unless a great amount of this spread took place at one time, it would have been diffi- 
cult to understand how the disease could progress so far in one direction if each spot 
took 8 to 10 days to appear. 


And the second inoculation experiment in which bacteria were used 
which had never been in culture failed to clear the question. The data 
presented here, however, show that it was entirely possible for most of 
the spread to have taken place at one time, though no records of wind 
velocity during the two thunderstorms of June, 1916, are available. 

In the experiment in which the effect of the wind was studied all 
the factors were within the limits of field conditions. A drop of 0.02 c. c. 
in volume falling 16 feet upon a relatively thin film of water which was 
splashed, as is proved by the acetic-acid distribution, upon a plate 3 
feet above the floor during a wind of 10 miles an hour, splashed water in 
abundance a distance of 8 feet (across two rows of cotton) in moderate 
quantities as far as 12 feet (three rows) and in slight amounts to 16 feet. 
To quote again from the former paper:? 

The possibilities of this chain of action during a driving rain are considerable if 
one includes the distance bacteria may be carried from the original lesion, then 


splashed up again and carried farther, and so on, until a dilution too great for infec- 
tion is obtained. 


Local dissemination of such diseases as described by Rolfs, Pierce, 
and others is well within the limits of probability in the presence of dew 
and heavy fogs without wind. Each drop (the drops from leaves are 
larger than the average raindrops) falling 12 inches upon a film of water 
will scatter splash drops over an area of 20 to 32 inches in diameter. The 
rapidity with which local dissemination of such diseases takes place is 
easily accounted for. 

One could well expand this discussion to include the applications of 
these conclusions to other similar diseases, but, since no opportunity has 
been had to study the conditions under which such dissemination must 
take place, this phase is omitted for the present. However, one can 
readily understand the possibilities if he takes into consideration the 
increase of extreme distance of splash due to greater elevation of surface 
of impact as would occur in pear, walnut, and Citrus trees and greater 
wind velocity, as occurs in typical thunderstorms of this region and 
especially during the hurricanes frequent in the southeastern Citrus 
regions. 





1 FAULWETTER, R.C. Op. cit., p. 467. 2 Idem, p. 470. 
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